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DECLARATION OF AUDREY D. GODDARD, Ph.D UNDER 37 C.FJL $ L132 

Assistant Commissioner of Patents 
Washington, D.C. 20231 



Sir: "•; 

1, Audrey D. Goddard, Ph.D. do hereby declare and say as follows: 

1 . I am a Senior Clinical Scientist at the Experimental Medicine/BioOncology, Medical 
Affairs Department of Genentech, Inc., South San Francisco, California 94080. 

2. Between 1 993 and 200 1 , 1 headed the DNA Sequencing Laboratory at the Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, and determination 
of the chromosomal localization of novel genes. 

3 . My scientific Curriculum Vitae, including my list of publications, is attached to and 
forms part of this Declaration (Exhibit A). 
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4. I am familiar with a variety of techniques known in the art for detecting and 
quantifying the amplification of oncogenes in cancer, including the quantitative TaqMan PCR (i.e., 
"gene amplification") assay described in the above captioned patent application. 

5. The TaqMan PCR assay is described, for example, in the following scientific 
publications: Higuchi et aL, Biotechnology 10:413-417 (1992) (Exhibit B); Livak et al., PCR 
Methods AppL 4:357-362 (1995) (Exhibit C> and Heid et aL, Genome Res. 6:986-994 (1996) 
(Exhibit D). Briefly, the assay is based on the principle that successful PCR yields a fluorescent 
signal due to Taq DNA polymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PCR primers. The extent of 
digestion depends directly on the amount of PCR, and can be quantified accurately by measuring the 
increment in fluorescence that results from decreased energy transfer. This is an extremely sensitive 
technique, which allows detection in the exponential phase of the PCR reaction and, as a result, 
leads to accurate determination of gene copy number. 

6. The quantitative fluorescent TaqMan PCR assay has been extensively and 
successfully used to characterize genes involved in cancer development and progression. 
Amplification of protooncogenes has been studied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use of the quantitative 
TaqMan PCR assay is exemplified by the following scientific publications: Pennica et aL, Proc. 
Natl. Acad. Sci. USA 95(25):14717-14722 (1998) (Exhibit E); Pitti et aL, Nature 
396(67 12):699-703 (1998) (Exhibit F) and Bieche et aL, Int. J. Cancer 78:661-666 (1998) (Exhibit 
G), the first two of which I am co-author. In particular, Pennica et aL have used the quantitative 
TaqMan PCR assay to study relative gene amplification of WISP and c-myc in various cell lines, 
colorectal tumors and normal mucosa. Pitti et aL studied the genomic amplification of a decoy 

. receptor for Fas ligand in lung and colon cancer, using the quantitative TaqMan PCR assay. Bieche 
et aL used the assay to study gene amplification in breast cancer. 
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7. It is my personal experience that the quantitative TaqMan PCR technique is 
technically sensitive enough to detect at least a 2-fold increase in gene copy number relative to 
control. It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (i.e., non-tumor) sample is significant and 
useful in that the detected increase in gene copy number in the tumor sample relative to the normal 
sample serves as a basis for using relative gene copy number as quantitated by the TaqMan PCR 
technique as a diagnostic marker for the presence or absence of tumor in a tissue sample of unknown * 
pathology. Accordingly, a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan PCR assay in a tumor sample relative to a normal sample is useful as a marker for the 
diagnosis of cancer, for monitoring cancer development and/or for measuring the efficacy of cancer 
therapy. 

8. I' declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true. I declare that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 
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PROFESSIONAL EXPERIENCE 



Genentech, Inc. 



1993-present 



South San Francisco, CA 

2001 - present Senior Clinical Scientist 

Experimental Medicine / BioOncoIogy, Medical Affairs 

Responsibilities: 

• Companion diagnostic oncology products 

• Acquisition of clinical samples from Genentech's clinical trials for translational research 

• Translational research using clinical specimen and data for drug development and 
diagnostics 

• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
Part 11 Subteam 

Interests: 

• Ethical and legal implications of experiments with clinical specimens and data 

• Application of pharmacogenomics in clinical trials 



1998-2001 Senior Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities: 

• Management of a laboratory of up to nineteen -including postdoctoral fellow, associate 
scientist, senior research associate and research assistants/associate levels 

• Management of a $750K budget 

• DNA sequencing core facility supporting a 350+ person research facility. 

• DNA sequencing for high throughput gene discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DNA sequence and primary protein analysis 

Research: 

• Chromosomal localization of novel genes 

• Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 

• Candidate gene prediction and evaluation 
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1993 - 1998 Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities 

• DNA sequencing core facility supporting a 350+ person research facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle management and additional areas of research 

• Participated in the development of the basic plan for high throughput secreted protein 
discovery program - sequencing strategies, data analysis and tracking, database design 

• High throughput EST and cDNA sequencing for new gene identification, 

• Design and implementation of analysis tools required for high throughput gene identification. 

• Chromosomal localization of genes encoding novel secreted proteins. 

Research: 

• Genomic sequence scanning for new gene discovery. 

• Development of signal peptide selection methods. 

• Evaluation of candidate disease genes. 

• Growth hormone receptor gene SNPs in children with Idiopathic short stature 

Imperial Cancer Research Fund 1989-1992 
London, UK with Dr. Ellen Solomon 

6/89-12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocyte leukemia 
translocation breakpoints on chromosomes 17 and 15. 

• Prepared a successfully funded European Union multi-center grant application 



McMaster University 

Hamilton, Ontario, Canada with Dr. G. D. Sweeney 
5/83 - 8/83: NSERC Summer Student 

• In vitro metabolism of p-naphthoflavone in C57BI/6J and DBA mice 



EDUCATION 



Ph.D. 

"Phenotypic and genotypic effects of mutations in 
the human retinoblastoma gene." 
Supervisor: Dr. R. A. Phillips 

Honours B.Sc 

"The in vitro metabolism of the cytochrome P-448 
inducer p-naphthoflavone in C57BL/6J mice." 
Supervisor: Dr. G. D. Sweeney 



University of Toronto 

Toronto, Ontario, Canada. 1989 

Department of Medical 

Biophysics. 

McMaster University, 

Hamilton, Ontario, Canada. 1983 

Department of Biochemistry 
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ACADEMIC AWARDS 

Imperial Cancer Research Fund Postdoctoral Fellowship 

Medical Research Council Studentship 

NSERC Undergraduate Summer Research Award 

Society of Chemical Industry Merit Award (Hons. Biochem.) 

Dr. Harry Lyman Hooker Scholarship 

J.L.W. Gill Scholarship 

Business and Professional Women's Club Scholarship 
Wyerhauser Foundation Scholarship 



INVITED PRESENTATIONS 

Genentech's gene discovery pipeline: High throughput identification, cloning and 
characterization of novel genes. Functional Genomics: From Genome to Function, Litchfield 
Park, AZ, USA. October 2000 

High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science, Advances in Genome Biology and Technology I. Marco Island, FL, USA. February 
2000 

Quality control in DNA Sequencing: The use of Phred and Phrap. Bay Area Sequencing 
Users Meeting, Berkeley, CA, USA. April 1999 

High throughput secreted protein identification and cloning. Tenth International Genome 
Sequencing and Analysis Conference, Miami, FL, USA. September 1998 

The evolution of DNA sequencing: The Genentech perspective. Bay Area Sequencing Users 
Meeting, Berkeley, CA, USA. May 1998 

Partial Growth Hormone Insensitivity: The role of GH-receptor mutations in Idiopathic Short 
Stature. Tenth Annual National Cooperative Growth Study Investigators Meeting, San 
Francisco, CA, USA. October, 1996 

Growth hormone (GH) receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76 th Annual Meeting of The 
Endocrine Society, Anaheim, CA, USA. June 1994 

A previously uncharacterized gene, myl, is fused to the retinoic acid receptor alpha gene in 
acute promyelocytic leukemia. XV International Association for Comparative Research on 
Leukemia and Related Disease, Padua, Italy. October 1991 



1989-1992 
1983-1988 
1983 
1983 

1981-1983 
1981-1982 
1980-1981 
1979-1980 
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PATENTS 

Goddard A, Godowski PJ ? Gurney AL. NL2 Tie ligand homologue polypeptide. Patent 
Number: 6,455,496. Date of Patent: Sept. 24, 2002. 

Goddard A, Godowski PJ and Gurney AL. NL3 Tie ligand homologue nucleic acids. Patent 
Number: 6,426,218. Date of Patent: July 30, 2002. 

Godowski P, Gurney A, Hillan KJ, Botstein D, Goddard A, Roy M, Ferrara N, Tumas D, 
Schwall R. NL4 Tie ligand homologue nucleic acid. Patent Number: 6,4137,770. Date of 
Patent: July 2, 2002. 

Ashkenazi A, Fong S, Goddard A, Gurney AL, Napier MA, Tumas D, Wood Wl. Nucleic acid 
encoding A-33 related antigen poly peptides. Patent Number: 6,410,708. Date of Patent:: 
Jun. 25, 2002. . 

Botstein DA, Cohen RL, Goddard AD, Gurney AL, Hillan KJ, Lawrence DA, Levine AJ, 
Pennica D, Roy MA and Wood Wl. WISP polypeptides and nucleic acids encoding same. 
Patent Number: 6,387,657. Date of Patent: May 14, 2002. 

Goddard A, Godowski PJ and Gurney AL. Tie ligands. Patent Number: 6,372,491. Date of 
Patent: April 16, 2002. 

Godowski PJ, Gurney AL, Goddard A and Hillan K. TIE ligand homologue antibody. Patent 
Number: 6,350,450. Date of Patent: Feb. 26, 2002. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Tie 
receptor tyrosine kinase ligand homologues. Patent Number: 6,348,351 . Date of Patent: 
Feb. 19,2002. . 

Goddard A, Godowski PJ and Gurney AL. Ligand homologues. Patent Number: 6,348,350. 
Date of Patent: Feb. 19, 2002. 

Attie KM, Carlsson LMS, Gesundheit N and Goddard A. Treatment of partial growth 
hormone insensitivity syndrome. Patent Number: 6,207,640. Date of Patent: March 27, 
2001. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Nucleic 
acids encoding NL-3. Patent Number: 6,074,873. Date of Patent: June 13, 2000 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,824,642. Date of Patent: October 20, 1998 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,646,113. Date of Patent: July 8, 1997 

Multiple additional provisional applications filed 
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PUBLICATIONS 

Seshasayee D, Dowd P, Gu Q, Erickson S, Goddard AD Comparative sequence analysis of 
the HER2 locus in mouse and man. Manuscript in preparation. 

Abuzzahab MJ, Goddard A, Grigorescu F, Lautier C, Smith RJ and Chernausek SD. Human 
IGF-1 receptor mutations resulting in pre- and post-natal growth retardation. Manuscript in 
preparation. 

Aggarwal S, Xie, M-H, Foster J, Frantz G, Stinson J, Corpuz RT, Simmons L, Hillan K, 
Yansura DG, Vandlen RL, Goddard AD and Gurney AL. FHFR, a novel receptor for the 
fibroblast growth factors. Manuscript submitted. 

Adams SH, Chui C, Schilbach SL, Yu XX, Goddard AD, Grimaldi JC, Lee J, Dowd P, Colman 
S., Lewin DA. (2001) BFIT, a unique acyl-CoA thioesterase induced in thermogenic brown 
adipose tissue: Cloning, organization of the human gene, and assessment of a potential link 
to obesity. Biochemical Journal 360: 1 35-142. 

Lee J. Ho WH. Maruoka M. Corpuz RT. Baldwin DT. Foster JS. Goddard AD. Yansura DG. 
Vandlen RL. Wood Wl. Gurney AL. (2001) IL-17E, a novel proinflammatory ligand for the IL- 
17 receptor homolog IL-17RM. Journal of Biological Chemistry 276(2): 1660-1664. 

Xie M-H, Aggarwal S, Ho W-H, Foster J, Zhang Z, Stinson J, Wood Wl, Goddard AD and 
Gurney AL. (2000) Interleukin (IL)-22, a novel human cytokine that signals through the 
interferon-receptor related proteins CRF2-4 and IL-22R. Journal of Biological Chemistry 275: 
31335-31339. 

Weiss GA, Watanabe CK, Zhong A, Goddard A and Sidhu SS. (2000) Rapid mapping of 
protein functional epitopes by combinatorial alanine scanning. Proc. Natl. Acad. Sci. USA 97: 
8950-8954. 

Guo S, Yamaguchi Y, Schilbach S, Wada T.;Lee J, Goddard A, French D , Handa H, 
Rosenthal A. (2000) A regulator of transcriptional elongation controls vertebrate neuronal 
development. Nature 408: 366-369. 

Yan M, Wang L-C, Hymowitz SG, Schilbach S, Lee J, Goddard A, de Vos AM, Gao WQ, Dixit 
VM. (2000) Two-amino acid molecular switch in an epithelial morphogen that regulates 
binding to two distinct receptors. Science 290: 523-527. 

Sehl PD, Tai JTN, Hillan KJ, Brown LA, Goddard A, Yang R, Jin H and Lowe DG. (2000) 
Application of cDNA microarrays in determining molecular phenotype in cardiac growth, 
development, and response to injury. Circulation 101: 1990-1999. 

Guo S, Brush J, Teraoka H, Goddard A, Wilson SW, Mullins MC and Rosenthal A. (1999) 
Development of noradrenergic neurons in the zebrafish hindbrain requires BMP, FGF8, and 
the homeodomain protein soulless/Phox2A. Neuron 24: 555-566. 

Stone D, Murone, M, Luoh, S, Ye W, Armanini P, Gurney A, Phillips HS, Brush, J, Goddard 
A, de Sauvage FJ and Rosenthal A. (1999) Characterization of the human suppressor of 
fused; a negative regulator of the zinc-finger transcription factor Gli. J. Cell Sci. 112: 4437- 
4448. 

Xie M-H, Holcomb I, Deuel B, Dowd P, Huang A, Vagts A, Foster J, Liang J, Brush J, Gu Q, 
Hillan K, Goddard A and Gurney, A.L. (1999) FGF-19, a novel fibroblast growth factor with 
unique specificity for FGFR4. Cytokine 11: 729-735. 
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Yan Mi Lee J, Schilbach S. Goddard A and Dixit V. (1999) mE10, a novel caspase 
recruitment domain-containing proapoptotic molecule. J. Biol. Chem. 274(15): 10287-10292. 

Gurney AL, Marsters SA, Huang RM, Pitti RM, Mark DT, Baldwin DT, Gray AM, Dowd P, 
Brush J, Heldens S, Schow P, Goddard AD, Wood.WI, Baker KP, Godowski PJ and 
Ashkenazi A. (1999) Identification of a new member of the tumor necrosis factor family and its 
receptor, a human ortholog of mouse GITR. Current Biology 9(4): 215-218. 

Ridgway JBB, Ng E, Kern JA ,Lee J, Brush J, Goddard A and Carter P. (1999) Identification 
of a human anti-CD55 single-chain Fv by subtractive panning of a phage library using tumor 
and nontumor cell lines. Cancer Research 59: 2718-2723. 

Pitti RM, Marsters SA, Lawrence DA, Roy M, Kischkel FC, Dowd P, Huang A, Donahue CJ, 
Sherwood SW, Baldwin DT, Godowski P J, Wood Wl, Gurney AL, Hillan KJ, Cohen RL, 
Goddard AD, Botstein D and Ashkenazi A. (1998) Genomic amplification of a decoy receptor 
for Fas ligand in lung and colon cancer. Nature 396(6712): 699-703. 

Pennica D, Swanson TA, Welsh JW, Roy MA, Lawrence DA, Lee J, Brush J, Taneyhill LA, 
Deuel B, Lew M, Watanabe C, Cohen RL, Melhem MF, Finley GG, Quirke P, Goddard AD, 
Hillan KJ, Gurney AL, Botstein D and Levine AJ. (1998) WISP genes are members of the 
connective tissue growth factor family that are up-regulated in wnt-1 -transformed cells and 
aberrantly expressed in human colon tumors. Proc. Natl. Acad. Sci. USA. 95(25): 14717- 
14722. 

Yang RB, Mark MR, Gray A, Huang A, Xie MH, Zhang M, Goddard A, Wood Wl, Gurney AL 
and Godowski PJ. (1998) Toll-like receptor-2 mediates lipopolysaccharide-induced cellular 
signalling. Nature 395(6699): 284-288. 

Merchant AM, Zhu Z, Yuan JQ, Goddard A, Adams CW, Presta LG and Carter P. (1998) An 
efficient route to human bispecific IgG. Nature Biotechnology 16(7): 677-681 . 

Marsters SA, Sheridan JP, Pitti RM, Brush J, Goddard A and Ashkenazi A. (1998) 
Identification of a ligand for the death-domain-containing receptor Apo3. Current Biology 8(9): 
525-528. 

Xie J, Murone M, Luoh SM, Ryan A, Gu Q, Zhang C, Bonifas JM, Lam CW, Hynes M, 
Goddard A, Rosenthal A, Epstein EH Jr. and de Sauvage FJ. (1998) Activating Smoothened 
mutations in sporadic basal-cell carcinoma. Nature. 391(6662): 90-92. 

Marsters SA, Sheridan JP, Pitti RM, Huang A, Skubatch M, Baldwin D, Yuan J, Gurney A, 
Goddard AD, Godowski P and Ashkenazi A. (1997) A novel receptor for Apo2L/TRAIL 
contains a truncated death domain. Current Biology. 7(12): 1003-1006. 

Hynes M, Stone DM, Dowd M, Pitts-Meek S, Goddard A, Gurney A and Rosenthal A. (1997) 
Control of cell pattern in the neural tube by the zinc finger transcription factor Gli-1. Neuron 
19:15-26. 

Sheridan JP, Marsters SA, Pitti RM, Gurney A., Skubatch M, Baldwin D, Ramakrishnan L, 
Gray CL, Baker K, Wood Wl, Goddard AD, Godowski P, and Ashkenazi A. (1997) Control of 
TRAIL-lnduced Apoptosis by a Family of Signaling and Decoy Receptors. Science 277 
(5327): 818-821. 
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Goddard AD, Dowd P. Chernausek S, Geffner M, Gertner J, Hintz R, Hopwood N, Kaplan S, 
Plotnick L, Rogol A, Rosenfield R, Saenger P, Mauras N, Hershkopf R, Angulo M and Attie, K. 
(1997) Partial growth hormone insensitivity: The role of growth hormone receptor mutations in 
idiopathic short stature. J. Pediatr. 131: S51-55. 

Klein RD, Sherman D, Ho WH, Stone D, Bennett GL, Moffat B, Vandlen R, Simmons L, Gu Q, 
Hongo JA, Devaux B, Pouisen K, Armanini M, Nozaki C, Asai N, Goddard A, Phillips H, 
Henderson CE, Takahashi M and Rosenthal A. (1997) A GPI-linked protein that interacts with 
Ret to form a candidate neurturin receptor. Nature. 387(6634): 717-21. 

Stone DM, Hynes M, Armanini M, Swanson TA, Gu Q, Johnson RL, Scott MP, Pennica D, 
Goddard A, Phillips H, Noll M, Hooper JE, de Sauvage F and Rosenthal A. (1996) The 
tumour-suppressor gene patched encodes a candidate receptor for Sonic hedgehog. Nature 
384(6605): 129-34. 

Marsters SA, Sheridan JP, Donahue CJ, Pitti RM, Gray CL, Goddard AD, Bauer KD and 
Ashkenazi A. (1 996) Apo-3, a new member of the tumor necrosis factor receptor family, 
contains a death domain and activates apoptosis and NF-kappa p. Current Biology 6(12): 
1669-76. 

Rothe M, Xiong J, Shu HB, Williamson K, Goddard A and Goeddel DV. (1996) l-TRAF is a 
novel TRAF-interacting protein that regulates TRAF-mediated signal transduction. Proc. Natl. 
Acad. Sci. USA 93: 8241-8246. 

Yang M, Luoh SM, Goddard A, Reilly D, Henzel W and Bass S. (1996) The bglX gene 
located at 47.8 min on the Escherichia colt chromosome encodes a periplasmic beta- 
glucosidase. Microbiology 142: 1659-65. 

Goddard AD and Black DM. (1996) Familial Cancer in Molecular Endocrinology of Cancer. 
Waxman, J. Ed. Cambridge University Press, Cambridge UK, pp. 1 87-21 5. 

Treanor JJS, Goodman L, de Sauvage F, Stone DM, Poulson KT, Beck CD, Gray C, Armanini 
MP, Pollocks RA, Hefti F, Phillips HS, Goddard A, Moore MW, Buj-Bello A, Davis AM, Asai N, 
Takahashi M, Vandlen R, Henderson CE and Rosenthal A. (1996) Characterization of a 
receptor for GDNF. Nature 382: 80-83. 

Klein RD, Gu Q, Goddard A and Rosenthal A. (1996) Selection for genes encoding secreted 
proteins and receptors. Proc. Natl. Acad. Sci. USA 93: 71 08-71 1 3. 

Winslow JW, Moran P, Valverde J, Shih A, Yuan JQ, Wong SC, Tsai SP, Goddard A, Henzel 
WJ, Hefti F and Caras I. (1995) Cloning of AL-1, a ligand for art Eph-related tyrosine kinase 
receptor involved in axon bundle formation. Neuron 14: 973-981 . 

Bennett BD, Zeigler FC, Gu Q, Fendly B, Goddard AD, Gillett N and Matthews W. (1995) 
Molecular cloning of a ligand for the EPH-related receptor protein-tyrosine kinase Htk. Proc. 
Natl. Acad. Sci. USA 92: 1866-1870. 

Huang X, Yuang J, Goddard A, Foulis A, James RF, Lernmark A, Pujol-Borrell R, 
Rabinovitch A, Somoza N and Stewart TA. (1995) Interferon expression in the pancreases of 
patients with type I diabetes. Diabetes 44: 658-664. 

Goddard AD, Yuan JQ, Fairbairn L, Dexter M, Borrow J, Kozak C and Solomon E. (1995) 
Cloning of the murine homolog of the leukemia-associated PML gene. Mammalian Genome 
6:732-737. 
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Goddard AD, Covello R, Luoh SM, Clackson T, Attie KM, Gesundheit N, Rundle AC, Wells 
JA, Carlsson LMTI and The Growth Hormone Insensitivity Study Group. (1995) Mutations of 
the growth hormone receptor in children with idiopathic short stature. N. Engl. J. Med. 333: 
1093-1098. 

Kuo SS, Moran P, Gripp J, Armanini M, Phillips HS t Goddard A and Caras IW. (1994) 
Identification and characterization of Batk, a predominantly brain-specific non-receptor protein 
tyrosine kinase related to Csk. J. Neurosci. Res. 38: 705-715. 

Mark MR, Scadden DT f Wang Z, Gu Q, Goddard A and Godowski PJ. (1994) Rse, a novel 
receptor-type tyrosine kinase with homology to Axl/Ufo, is expressed at high levels in the 
brain. Journal of Biological Chemistry 269: 1 0720-1 0728. 

Borrow J, Shipley J, Howe K, Kiely F, Goddard A, Sheer D, Srivastava A, Antony AC, 
Fioretos T, Mitelman F and Solomon E. (1994) Molecular analysis of simple variant 
translocations in acute promyelocyte leukemia. Genes Chromosomes Cancer 9: 234-243. 

Goddard AD and Solomon E. (1993) Genetics of Cancer. Adv. Hum. Genet 21: 321-376. 

Borrow J, Goddard AD, Gibbons B, Katz F, Swirsky D, Fioretos T, Dube I, Winfield DA, 
Kingston J, Hagemeijer A, Rees JKH, Lister AT and Solomon E. (1992) Diagnosis of acute 
promyelocyte leukemia by RT-PCR: Detection of PML-RARA and RARA-PML fusion 
transcripts. Sr. J. Haematol. 82: 529-540. 

Goddard AD, Borrow J and Solomon E. (1992) A previously uncharacterized gene, PML, is 
fused to the retinoic acid receptor alpha gene in acute promyelocyte leukemia. Leukemia 6 
Suppl 3: 1 17S-1 1 9S. 

Zhu X, Dunn JM f Goddard AD, Squire JA, Becker A, Phillips RA and Gallie BL. (1992) 
Mechanisms of loss of heterozygosity in retinoblastoma. Cytogenet. Cell. Genet. 59: 248-252. 

Foulkes W, Goddard A. and Patel K. (1991) Retinoblastoma linked with Seascale [letter]. 
British Med. J. 302: 409. 

Goddard AD, Borrow J, Freemont PS and Solomon E. (1991) Characterization of a novel zinc 
finger gene disrupted by the t(15;17) in acute promyelocytic leukemia. Science 254: 1371- 
1374. 

Solomon E, Borrow J apd Goddard AD. (1991) Chromosomal aberrations in cancer. Science 
254:1153-1160. 

Pajunen L, Jones TA, Goddard A, Sheer D, Solomon E, Pihlajaniemi T and Kivirikko Kl. 
(1991) Regional assignment of the human gene coding for a multifunctional peptide (P4HB) 
acting as the p-subunit of prolyl-4-hydroxylase and the enzyme protein disulfide isomerase to 
17q25. Cytogenet. Cell. Genet. 56: 165-168. 

Borrow J, Black DM, Goddard AD, Yagle MK, Frischauf A.-M and Solomon E. (1991) 
Construction and regional localization of a Notl linking library from human chromosome 17q. 
Genomics 10: 477^80. 

Borrow J, Goddard AD, Sheer D and Solomon E. (1990) Molecular analysis of acute 
promyelocytic leukemia breakpoint cluster region on chromosome 17. Science 249: 1577- 
1580. 
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Myers JC, Jones TA, Pohjolainen E-R, Kadri AS, Goddard AD, Sheer D, Solomon E and 
Pihlajaniemi T. (1990) Molecular cloning of 5(IV) collagen and assignment of the gene to the 
region of the region of the.X-chromosome containing the Alport Syndrome locus. Am. J. Hum. 
Genet. 46: 1024-1033. 

Gallie BL, Squire JA, Goddard A, Dunn JM, Canton M, Hinton D, Zhu X and Phillips RA. 
(1990) Mechanisms of oncogenesis in retinoblastoma. Lao. Invest. 62: 394-408. 

Goddard AD, Phillips RA, Greger V, Passarge E, Hopping W, Gallie BL and Horsthemke B. 
(1990) Use of the RB1 cDNA as a diagnostic probe in retinoblastoma families. Clinical 
Genetics 37: 117-126. 

Zhu XP, Dunn JM, Phillips RA, Goddard AD, Paton KE, Becker A and Gallie BL (1989) 
Germline, but not somatic, mutations of the RB1 gene preferentially involve the paternal 
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SIMULTANEOUS AMPLIFICATION AMD DETECTION OF 
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We have enhanced the polymerase chain 
reaction (PGR) such that specific 0NA 
sequences can be detected without open- 
ing the reaction tube. This enhancement 
requires the addition of ethidinm bromide 
(EtBr) to a PGR. Since the fluorescence of 
EtBr increases in the presence of double*, 
stranded (ds) DNA an jtactease in fluores- 
cence in such a PGR indicates a positive 
amplification, which can be easily moni- 
tored externally. In fact, amplification can 
be continuously monitored in order to 
follow its progress. Hie ability to simulta- 
neously amplify specific DNA sequences 
and detect the product of the amplification 
both simplifies and improves PCR and 
may facilitate its automation and more 
widespread use in the clinic or in other 
situations requirfag high sample through- 
put 

Although the potential bencrU* of PCR 1 to clin- 
ical diagnostics are well known 2 '*, it sdU not 
widely used in this setting, even diough it is 
four year* fihico thcrn>o*t*bte DNA potytrier. 
ase* 4 made PCR practical. Some of the reasons for its slow 
acceptance are high cost, tack of automation of pre- and 
post-PCR processing steps, and false positive results, from 
carryover -contamination. The first two points arc related 
in that labor is the largest contributor to cost at the present 
stage of PCR development. Most Current assays require 
some form of MownstreanT processing once thetmocy* 
ding is done in order in determine whether the target 
DNA sequence was- present and has amplified, These 
include DNA hybridiwdon 3 * gel electropboresis with or 
without use of restriction digestion*** H PLC 9 , or aipfllaxy 
electrophoresis 10 . These methods are labor -intense, have 
low throughput, and are difficult to automate. The third 
point is also ctascty related to downstream processing. 
The handling of the PCR product in these downstream 
processes increases the chances that amplified DNA will 
spread through die typing lab, resulting in a risk of 



carryover" false positives in subsequent testing' 1 . 

These downstream processing steps would be elimi- 
nated if specific aniphftcation and detection of amplified 
DNA took place simultaneously within an unopened re- 
action vessel Assays m which such different processes take 
place without the need to separate reaction components 
have been termed •Homogeneous''. Ko truly homoge- 
neous PCR assay has been demonstrated to date, although 
progress towards this end has been reported/ Chenab, et 
al", developed a PCR product detection scheme using 
fluorescent primers that resulted in a fluorescent PCR 
product AHck^pecific primers, each with different fluo- 
rescent tags, were used to indicate- the genotype of the 
DNA. However, the unincorporated primers must still be 
removed in a do wnstream process in order to visualize the 
result Recently, Holland, et al> kS , developed »asswin 
which the endogenous 5' exdnudease assay of 7^ DNA 
polymerase was exploited to cleave a labeled oligonudeo- 
tide probe. The probe would only cfcave if PCR amplifi- 
cation had produced its complementary sequence. In 
order to detect the dcavage products, however, a subse- 
quent process » again needed. . r __ 

We have developed a truly homogeneous assay for PCR 
and PCR product detection based upon tbc greatly in- 
creased fluorescence that ethidinm broinide and other 
DNA binding dyes exhibit when they are bound .to. ds- 
DNA t4-ia As onthned in Figure 1, a prototype PCR 
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RQWE I Principle of simultancQua ampUficotkm and detection Of 
PCR product The components of a PCR containing EtBr that arc 
fluorescent are fated— £iBr ttsdf, EtBr bound toothcrssDMAor 
daDNA. Tbere is a large florescence enhancement when EtBr Is 
bound to DNA and binding is gi'cady enhanced when DNA is 
double-stranded. After suweient <n> .cydcs of PGR* the.net 
increase in d<jt)NA results in additional EtBr bonding, and Z net 
increase in total fluorescence: 
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FMWT a Gel electrophoresis cf PCS. amplification products of the 
human, ttudear gene, HLA T)Qti, made in the presence of 
increasing amounts of EtBr (up to 8 H-g'tnl). The presence of 
fctljr has no obvious effect on Ac yield or specificity of amplifi- 
cation. 
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(A) Ftootcscence measurements from PCfcs that contain 
0.5 p-g/mJ EtBr and that are specific for Y-cJjrotnosorac repeat 
sequences. Five replicate PCRs were begun containing cadi of tbc 
DNAs specified. At each indicated cycle, one of the five replicate 
FCRs for each DNA -was r em ove d from therm ocy ding and Hs 
fluorescence mcajured, Units of fluorescence are arbitrary. (R) 
UV photography of PGR tube* (0,5 nil Eppcndorf^tylc, polypro- 
pylene m~tcro~<entrif\iec tubes) containing reactions, those start- 
ing from 2 ng male DNA and control reactions without any DNA, 
from (A), 
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begins with primers that are single-stranded DNA (ss- 
DNA), dNTPs, and DNA polymerase; An amount of 
dsDNA containing the target sequence (target DNA) is 
also typically present. This amount can vary, depending 
on the application, from single-cell amounts of DNA 17 to 
micrograms per PCR^, If EtBr is present, the reagents 
that will fluoresce! in order of increasing fluorescence, are 
free EtBr itself, and EtBr bound to the single-stranded 
DNA primers and to the double-stranded target DNA (by 
its intercalation between the stacked bases of the DNA 
dOttbk>hcfix)» After the first denatu ration cycle, target 
DNA will be largely single-stranded. After a PGR is 
completed, the most significant change is the increase in 
the amount of dsDNA (the PGR product itself) of up to 
several micrograms. Formerly free EtBr is bound to the 
additional dsDNA, resulting in an increase in fluores- 
cence. There is also some decrease in the amount of 
ssDNA primer, hut because the binding of EtBr to ssDNA 
is much less than to dsDNA, the effect of this change on 
the total fluorescence of the sample is small. The fluores- 
cence mcrease can be measured by directing excitation 
illumination through the walls of the amplification vessel 
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before and after, or even continuously during, chermocy- 
ding. 7 

RESULTS 

PGR in the presence of EtBr. In order to assess the 
affect of EtBr in PGR, amplifications of the human HLA 
DQa gene* 9 were performed with the dye present at 
concentrations from 0,06 to 8.0 fig/ml (a typical concen- 
tration of EtBr used in staining of nuctek acids following 
gel electrophoresis is 0.5 u-g/mf)- As shown in Figure 2, get 
electrophoresis revealed liule or no difference in the yield 
or quality of tbc amplification product whether EtBr was 
absent or present at any of these concentrations, indicate 
ing that EtBr does not inhibit PGR, 

De lection of human Y-clrroniosoTOo specific 
o^iences. Sequence-specific, fluorescence enhancement of 
EtBr as a result of PGR was demonstrated in a series of 
amplifications containing 0.5 u-g/ml EtBr and primer* 
spedfic to repeat DNA sequences found on the human 
Y-chromosomc 80 . These PGRs initially contained cither 
60 ng male* 60 ng female, 2 ng male human or no DNA. 
Five reolkatc PCRs were begun for each DNA* After 0, 
17, 21 , 24 and 29 cycles of thenuocyding, a PGR for each 
DNA was removed from the therrnocyder, and Us. fluo- 
rescence measured in a spcctrofinorotnetex and plotted 
vs. amplification cyde number (Fig. 3 A). The shape of this 
curve reflects the fact that by the time an increase in 
fluorescence can he detected, the increase in DNA is 
becoming linear and not exponential with cyde number; 
As shown, the fluorescence increased about three-fold 
over the background fluorescence for the PCRs contain- 
iog human male DNA, but did not sigmficandy increase 
for negative control PCRs, which contained either no 
DNA or human female DNA. The more male DNA 
present to begin with— 60 ng versus Z ng— me fewer 
cycles were rwjeded to give a detectable increase in fluo- 
rescence. Gel dectronhoresis on the products of these 
amplifications showed that DNA fragments of the ex* 
pected size were made in the male DNA coritaiomg 
reactions and that Utile DN A synthesis took place in the 
control samples. 

In addition, the increase in. fluorescence wa* visualized 
by simply laying the completed, unopened PGRs on a UV 
transilhimiriator and photographing them through a red 
filter. This is shown in figure SB for the reactions thai 
began with 2 ng male DNA and those with no DNA* 

Detection of specific allele* of the human fl-globin 
gene. In order to demonstrate that this approach has 
adequate specificity to allow genetic screening, a detection 
of the skklc-ceil anemia mutation was performed- Figure 
4 shows the fluorescence from completed ampMcations 

containing EtBr (O.S |i.gfoil) a* detected by photography 
of the reaction tubes on a UV transiuuminator. These 
reactions were performed using primers specific for ei- 
ther the wM-tvpe or sickle-ceil mutation of the human 
P^lobin gene**. The specificity for each allele is imparted 
by placing the sickle-mutaiion site at the terminal 3' 
nucleotide of one primer. By using an appropriate primer 
annealing temperature, primer extension— and thus an> 
plirkaupr^-can take place only if the 3' nucleotide of the 
primer is complementary to the 0-gtobin aUde present* 1 ^ 
Each pair of amplications shown in Figure 4 consists of 
a reaction with either tbc wiktoypc allele specific (kft 
tube) or skkk-aUeJe specific (right tube) primers. Three 
different DNAs were typed: DNA from a homozygous, 
wikJ-rypc 0-globin individual (AA); from a heterozygous 
sickle p-glpbin individual (AS); and from a homozyg 0 "* 
sickle p-gfobio individual (SS). Each DNA (50 ng genomic 
DNA to start each PGR) was analyzed in triplicate (3 pairs 
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0 f reactions each). The DNA type vas reflected in the 
rtjative fluorescence intensities in each pair of completed 
Rm plificatk>m. There was a significant increase in fluores- 
ce* only where a f^globin aDele DNA matched the 
primer act. When measured on. a spectroflnororaeter 
Mata not shown), this fluorescence was about three times 
Jj^t present in a PCR where both 0-dobm alleles were 
^matched to the primer set. Gel electrophoresis (not 
fl hown) established that this increase in fluorescence was 
due to the synthesis of nearly a microgram of a DNA 
fragment of the expected size for p-globin. There was 
litdc synthesis of dsDNA in reactions in. which the allele- 
jjpedfic primer was mismatched to both alleles. 

Continuous mofutotmg of a PGR^ Using a fiber optic 
devker it is possible to direct excitation illumination from 
j, spectrofluorometer to a PCR undergoing thcrmocyding 
and to return its fluorescence to the Rpectroftuomfweter. 
The fluorescence readout of such an arrangement, di- 
rected at an EtBr-concaining amplification ot Y-chromo- 
some specific sequences from 25 jng of human male DNA* 
is shown in Figure 5. The readout from a control PCR 
wHli no target DNA is also shown. Thirty cycles of PCR 
were monitored for each. 

The fluorescence trace as a function of time clearly 
shows the effect of the mermocyding. Fluorescence inten- 
sity rises and Calls inversely with temperature. The fluo- 
rescence intensity is minimum at the denaturation tem- 
perature (94°C) and maximum at die anueaUng/extensian 
temperature (50X)- In the negative-control PCR, these 
fluorescence maxima and minima do not change signifi- 
cantly over the thirty tbcxraocyctes, indicating that there is 
thtlc dsDNA synthesis without the appropriate target 
DNA, and there is little if any We^hing of EtBr during 
the continuous illumination Of the sample. 

In the PCR containing male DNA, the fluorescence 
maxima at the annealing/extension temperature begin to 
increase at about 4000 seconds of thcrroocyding, and 
continue to increase with time, indicating that dsDNA is 
being produced at a detectable level. Note that the fluo- 
rescence minima at the denaturattoo. temperature do not 
signiftcandy increase, presumably because at this temper- 
ature there is no dsDNA for EtBr to bind- Thus the course 
of the amplification is followed by tracking the fluorcs-. 
cence increase at the annealing temperature. Analysis of 
the products of these two amplifications by gel electropho- 
nes* showed a DNA fragment of the expected size for the 
male DNA containing sample and no detectable DNA 
synthesis for the control sample* 

DISCUSSION 

Downstream processes such as hybridization to a se- 
quence-specific probe can enhance die specificity of DNA 
decevuvu u> PCR. The chrauxuw of thcac processes- 
means that' the specificity of this homogeneous assay 
depends solely on that of PCR. In the case of skkie-celi 
disease, we have shown that PCR alone has sufficient DNA 
sequence specificity to permit genetic screening. Using 
appropriate amplification conditions , there is little rxon* 
specific production of dsDNA in the absence of the 
appropriate target allele. 

The specificity required to detect pathogens can be 
more or less than that required to do genetic screening, 
depending on the number of pathogens in the sample and 
the amount of other DNA that must be taken with the 
sample. A difficult target is HIV, which requires detection 
of a viral genome that can be at the level of a few copies 
per thousands of host cells*. Orooared with genetic 
screening, which is performed on cells containing at least 
one copy of the target soquertce, HIV idetection requires 
both more specificity and the input of mote total 
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fWBf 4 UV photography of PCR tubes containing &i 
using EtBr uwt are specific to wild-type (A) or sicfite 
the human £-globin gene. The left o* each pair of tuDcs Contains 
aHek- specific primers to the wild-type alleles, the right lube 
primers to the sickle attek. The phmegrauh was tafcen after 30 
cycles of PCR, and the input DnAs and the alkies they contain 
aire indicated- tag of DNA was used to bfiOT PGR. Typing 
was done in triplicate (3 pairs of PCfe) for each input DNA 
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mmtS Continuous, real-time monitoring of a PCR. A fiberoptic 
was used to carry excitation light to a PUR m progress and also 
emitted light back to a Buoromctcr (bcc Expentticntal ]r>otoco1). 
AnTplificaUon using human male-DNA specific primers in a PCR 
5tarftng with 30 ng of human male DNA {top}, or in a control 
PCR without DNA (bottom), were monitored. Thirty cydes of 
PCR were followed for each. The Uanpcrature Cycled between 
94*C (denaturatidn) and StfC (annealing and extension). Note in 
the male DNA PC*, . the cyefe (dme) dependent Increase in 
fluorescence at the aurteaEng/extenaion temperature. 
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DN A— «p to microgram amounts— i a order to have suf- 
ficient numbers of target sequences. This large amount of 
starting DNA in an amplification significantly increases 
the background fluorescence over which any additional 
fluorescence produced by FCR must be detected. An 
additional complication that occurs with targets in low 
copy-number h the formation of the '^rimer-^imer" 
artifact. This is the result of the extension of one primer 
using the other primer as a template. Although this occurs 
infrequently, once it occurs the extension product is a 
substrate for PGR amplification, and can compete with 
true PGR targets if those targets are rare. The primfer- 
dimer product is of course dsDNA and thus is a potential 
source of false signal in this homogeneous assay. 

To increase PGR specificity and reduce the effect of 
primer-dimcr amplification, we are investigating a num- 
ber of approaches, including the use of nested- primer 
amplifications that take place in a single tube 5 , and the 
tiot-start", in which nonspecific amplification is reduced 
by raising the temperature of the reaction before DNA 
synthesis begins* 5 . Preliminary results using these ap- 
proaches suggest tbatT>rbncr-dirocT is effectively reduced 
and it is possible to detect the increase in Etfir fluores- 
cence in a PGR instigated by a single HIY genome in a 
background of 10* ceils. With larger numbers of cells, the 
background fluorescence contributed by genomic DNA 
becomes problematic. To reduce this background, it may 
be possible to use sequence -specific DNA-binding dyes 
that can be made to preferentially bind PGR product over 
genomic DNA by incorporating the dye-binding DNA 
sequence into the PGR product through a 5' *add-on" to . 
the oUgonudeodde primer* 1 . 

We have shown that the detection of fluorescence 
generated by an EtBr-containing PGR is straightforward, 
both once PGR is completed and continuously during 
ihermocycHng. The ease with which automation of spe- 
cific DNA detection can be accomplished is the most 
promising aspect of this assay. The fluorescence analysis 
of completed PCRs is alreadyjpossiblc with existing instru- 
mentation in 96 -well format**. In this format, the fluores- 
cence in each PGR can be cjuantitated before, after, and 
even at selected points during thermocyciing by moving 
the rack of PCRs to a 96-mierowcJ! plate fluorescence 
reader 40 . 

The instrumentation necessary to continuously monitor 
multiple PCRs simultaneously is also simple in principle. 
A direct extension of the apparatus used here is to have 
multiple fiberoptics transmit the excitation light and flu- 
orescent emissions to and from multiple PCRs. The ability 
to monitor multiple PCRs continuously may allow quan- 
titation of target DNA copy number. Figure * shows that 
the larger the amount of starting target DNA, the sooner 
during PGR a fluorescence increase is detected. Prelimi- 
nary experiments <Higuchi and DoUinger, rnanuscript in 
preparation) with continuous monitoring have shown a 
sensitivity to two-fold differences in initial target DNA 
concentration. 

Conversely, if the number of target molecules is 
known — as it can be in genetic screening-rcontinuous 
monitoring may provide a means pf detecting fabc posi- 
tive and false negative results. With a known number of 
target molecules, a true positive would exhibit detectable 
fluorescence by a predictable number of cycles of PGR. 
Increases in fluorescence detected before or after that 
cycle would indicate potential artifacts. False negative 
resuks due to, for example, inhibition of DNA polymer- 
ase, may be detected by including within each PGR an 
inefficiently amplifying marker. This marker results in a 
fluorescence increase only after a large number of cy- 
cles — many more than arc necessary to dexeet a true 



BIC^CHNaOGV VOL 10 /APP3L1992 



positive. If a saropJe fails to have a fluorescence increase 
after this many cycles, inhibition may be suspected. Since, 
in this assay, conclusions are drawn based on the presence 
or absence of fluorescence signal alone, such controls rnay 
be important In any event, before any test based on this 
principle is ready for the clinic, an assessment of tt& false 
positiveffalse negative rates will need to be obtained using 
a large number of known samples. 

In Summary, the Inclusion in PCR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detect specific DNA amplification from outside 
the PGR tube. In the future, instruments based upon this 
principle may facilitate the more widespread use of PCR 
in applications that demand the high throughput of 
samples* 

EXPERIMENTAL PROTOCOL 

Hainan HLA-DQw gene amplifications containing Etffr. 
PCRs were set np inlOt) volumes coniaining 10 mM Tri^HCh 
pH 8.3; 50 mM KCi; 4 mM MgCl 2 : units of taa DNA 
polymerase (Fer1tm*£}ittcr Genu, Norwalk, CT); 20 pinole cadi 
of human HlA-DQa gene specific oligonucleotide primers 
GH«6 and CH27 19 and approjoroatel? HP copies of DQfr PCK 
product diluted from a previous paction. Ethidium bromide 
(Et Br; Sigma} was used at the concentrations .indicated in Figure 
2. Thcnnocyding proceeded for 20 cycles in a model 460 
thennocyder (PerkjivElcner Cctua, Norwalk, CT) using A "stcp- 
cycJc" program of 94*C for 1 rain, denaturation and 6<rC for w 
sec anneafing and 72°C for 30 sec extension. 

Y-chroatowmc specific PCR. PCRs (100 ul total reaction 
volume) containing iK5 Hfifoo! EtBr we prepared as described 
for HLA-DQo, except With dJflcrcnt primers and target DNA*. 
These PCRs contained 1 5 pmolc each male DNA-SpCCtJk primes 
YI.J and V 1.2*°, and cither 60 ng male, 00 tiff female, 5> ng raak, 
or no human DNA. ThermOcyding was 94*GTor 1 min , and 60?C 
for 1 min using a "step-Cycle* program. The mxmber of cycles for 
a sample were as indicated in Figure 3. Fluorescence measure- 
ment » described below. 

Allck-apecific, human £-globia gews PCJR* AmpUftcaxions of 
100 pi volume using 05 ^Anl of JUBr were prepared »s 
described for HLA^DQ* above except with duTcrotf primers and 
target DNAs. These PCRs contained either, primer pair HGPtf 
HfMA <w«oMype gobtn specutc primers) or MOPSWipHS <sk*- 
le-giobin spcdSc primers) at 10 pinole each primer per PCR, 
These primers were developed by Wu ct a! 21 . Three different 
target IjNAs were tuod in separate amplificationfr— 60 ng each of 
human DNA that was homozygous for the sickle trait <SS), DMA 
that was heteroxyroux for the Stdde trak (ASX or DNA that was 
homozygous for the w,C doom (AA). Thcrmocycnng was for 30 
cycles at 94^0 for 1 mm. and &C tor 1 min, itsuvg 9 "stop*?*? 
program. An annealing temperature of 55°C had been shown by 
YVu et al, 21 to provide, allcfc^pcrifk atnplinca.Uon. pmtplctcd 
PCRs were phcSngrapiicd through a red filter (Wratten^A) 
after placing the reaction tubes »iop a model TM-S6 tranflttlumi- 
nator (UV-pToductS San Gabnel, CA>. 

Fhtoresecnee measurement. Flooresce»>ce measurement went 
made on PCRs containing Etflr in a Fluorolog-2 flUoromCtcr 
(SPKJC Edison, NJ). ^citation was at the 500 nm band with 
about 2 nm bandwidth with a GG 435 nm cutoff ttterVMcflcs 
Grist, Inc. Irvine. CA) to exclude sccof^Hjrder light tortted 
light was detected at 5^0 nm with a bandwidth of about 7 nm. An 
OG 530 t>m cut-off filter Was used to remove the exchauon Hght 

ContimtouA ftaorescence monitoring of FCR, Ck>()&noous 
monitoring oiF a PCR in progress was accomplished using art 
spectrofiuoromeier and setdngB descrrbod above as well as a 
fftcroptic accessory (SP£X cat no. 1950) 10 both send excttauon 
Hght to, and receive emitted light : from, a PCR pbeed m a wcU o] 
a model 460 roe^inocycfcc (Pcrkra-Elmer Cetus). The probe end 
Of the fiberoptic cable was attached with "5 mrn ute-cpoxy"" to the 
open top of a PCR tube (a 0.5 ml potyvropyfcne centrifuge tube 
with its cap removed) effectively scaling it The exposed top 
the PCR tube and the end of the fiberoptic caWe were shielded 
from room light and the room lights were kept dunmed" during 
each mp. The monitored FCft was an amplication of y-c»TO- 
rnosoro^pcdhc repeat sequences as oesenbed above, except 
using an anncating/extension teroperauirc of 50°C. The reaction 
was covered with mineral ofl (2 drops) to prevent evaporation- 
ThermoevcurJg and fluorescence mcasiircmcnt were started si- 
multaneously , A ume-basc scan with a 10 second integraiioo tnnc 
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ws ta urtd and the embaoa sjgnal was ratioed to tbr. excitation 
mgrtftJ to control for changes in li^hHwurcc intensity. Data were 
Reeled using the dn>3O0Of, version 15 (SPEX) data system- 
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We itofik Bob Jones for help with the Sjpectiofluormeiric 
^wywUfeinents and Heaiherbell Fony for editing this manuscript. 

jtefcenee* 

1, Mu)b\ K„ Fabon* F., S*har<, SaflU. R.. Hewn, a and ErEcIi. H. 
I fpftft. Specific ensymatie amtoWkaiipn of DNA m #rnv.- The potyroer- 
om cham reaction. CSBsSQB Mi263-2?S, 

2, Whin*. T- J., Arnhrim. N. and ErHch, M. A. 1349. Thr. ptfyrocrasc 
chain reaction. Trends Genet. SilSS~16&. 

3, EHkti, R A., Getfand, D. and %Mky, J. f. lddl. Recent advances in 
tne polrmcritse rtwin. reaction. Sdencr I . 

4, Safci. R. K., Cclfend, a H. f Stoflel S., Sdwrf. & J„ Higtidu", R*, 
Horn. 0,T.. Muliis* K.B. Erlich, H.A. )99& Frimcr^dircOcd 
<*wynptk Airo«fication of DNA wW> » thermostable DNA pohrW* 
we. Science 29fM47<-*91. 

0. Saiki. ft- K, Wabh, P. S.» Levenson, C. H. and Edith, H, A, 1989. 
Genetk analysis «f amplified DNA bmwjWzcd ^cqwGnce-spedfie 
AStgonurifsoddc probes. Proc Nad- Acad, 8ci USA wSsO-^Si 
& Kwok. S. Y.. Mack. D. H., Muffis, K. B„ Rrfcjz. B.J., Ehrfich, G. 
BJair. D, and FriednuuvKien, A. 5, I9Q7. Jd&ntifibdpn of human 
■rajmiitodcftdency virus sequences pf using jn vitro enzvniade ample- 



Nstvre *S9i2tfS-294. 
a. Horn. C. T\ Rjdiards, B. sod Kntttftr, *. W. l$89. Amplification of a 
highly polymorphic VNTfc icfrmcm ty'thc polymerase chain reaction. 
Nuc. Acid* Ro. 

9. K«u, E. D. Borl Donf« M. W. 1990. Rapid analysis and puHfcafo* of 
polymerase chain roactxm produeu bv mgh-perFormanec Ikjutd chrt- 
nrav^rapfiy, Biotcchitioxies, ^i540-5 55 . 

1Q. Heker. D. OAer>. A. S. and Kargcr, ». L. 1990. Separation of 
DNA rtotriction fragments hy high patbftDJDtt ckpiHary dtatropbo- 
resfa whh low and tcto crossEnked paJr^cryUoudc tiring continuous 
And pulsed dearie field*. J. Chrornstofff, B16j53~*8. 

U. Rw&fc. 3. V. and Higucht* R. 0. 1969. Avoiding febe pratm* wth 
PGR. Nature M9i237-838- 

12, O^b, P.P. and Kan, Y. W. Detection of specific DNA 

sequences by- fluorescence amplification: a color compfcnjcmailon 
amy. Proc. NatL Acad: Sd. U5A K£I7&<4182. 

1g. HcDand, P.AU Ahrargyon, R.D., Watson. R. and Gclfand, DJL 



1991. Detection of specific porrmcrase chain reacdoti d^,,- . 
ntUiziny ihe 6* to r caonulcaic sctK-iw of Thorn** ^wa^-Trl J? 
poiymcrw, Ptoc Nad. Acad. Sci. OSA fe:7276-72oO/^ DNa 
Marfcoviis^j., Roquca, B. P. and U 1^,1. B. 1979. EthidJvnn 
a ne»y rcafeni for the ffuoriBtctrie determinatkm of nvS^T^ 1 
And. Biochcra. 94^S9-4So4. 0111,0 ^ 

t&. i^piisdnslu, j. and Soacr, W. 1979. Interactions of 4',6^iatnJH^ o 
ph^yJmdolc witb syntKettc poJynMdeoiJdes. Nuc Acjd$ RcTo^l^! 

IS. Scarlc, M. S. and EmbTey, K.J. 1990. Sequcnce-fpedflc kiu*±*i~. r 
Koescht 3325B witb the minor grow? of an ^in^W^S^ 

H. H., CyJfciKtcn, U. B., C«i. X. f. f Saiki, R, K., ExBetk H a 
Arnhcira, N. 198S. AtnpJHicaiioii and analj^u of DNA *»u^7^ 
single human snonn and dipknd oslh. Natun? SSfiHl4_^j«^^ " 111 



M A., Pofc^ B.J., Byrne, B. C. KwoL, S. Y.. Snitekv % r 
antd JErfich, H« A- 1988. En*yro*Oc gene ampSftcaoon; ot^dinujJe i*& 
c^tha^ wcthooj for dctcaimi provi^l DNA ampfifi^ ^ 
latcct. Dis. 158: i loo. ,J * 
19. &iki, R. Buga^'aa, T.U Horn, O.T^ Muffis, K.B. atsd Kttiri» 

. 8£ ^ ^^^^s^^: 



17. 



^163^166- *™«deotide probes. Nature 

20. KoCTin, S. C M Dohetty, M- and Gtacbicr; J. !9o7. An hnbmi^ 
method for. prenatal diagnosis of send* disease by JS^krf 
amplified DNA sequence*. N. En*L / Med. « 7^5-9^9. ^ « 

21. Wu, D.Y.. UgttenX U JM, B.R. and Wallace. R B . 198$ ^ , 

rft^ssss^s^ra 

*S. Kwok, $., KellogK, D. E H McKkmey, N. f $paac D. t 0^1* 72^ 
*on r .c;and5niQsfeyJ.J ; 1990. ^fTccU cf praKr-tcnipLite nSoaS^ 
on the pornnorasc chain reaction: Human imtmuodenef^n^. 1^1.: 
type 1 model studies. N«. Add* Res. 18:999-1005, ^ 

23. Chou, Q., Rosscfl, M. Birch, D., Raymond; J. and Bloch W IQQ9 
Prc^miotx of pre-PCR m^prbrjmg ami primer din^^ 1 ^^ 
pro«s low-topy-nuuibcr amph&auom; ^uomtued. 

24. rtgwhi, R* 1989. Using *CR to engineer DNA* p. $K7o r»- pro 
TcdmcW H. A &Sch (EdO. SteeW frew, NcV Yoi'NY 

25. Haft; U Anyeod; J. niCesare, J. ( Katz» E.. Picoz^, £ 

awtocpagon of the poJ^aerasc chain reaction. Btotcduuquc* l{hi^2- 

26. Tumow, N. and Kaftan, U l9o*9, FJuoresccia KIa screenitisr nf 
monoefonal antibodies to ccfl surface anh^em. J. hmttun!^cS. 



11^59^5- 




IMMUNO BIOLOGICAL LABORATORIES 



sCD-14 EUSA 

Trauma, Shock and Sepsis 




The CO- 14 molecule is expressed on the surface of 
monocytes and some macrophages. Membrane- 
bound CD-U is a receptor for lip^tysaccharide 
(LPS) complexed to LPS-8inding-Pratein (LBP). The 
concentration of its soluble form is aftefed uncter 
certain pathological conditions. There is evidence for 
an important role of $CD-14.with polytrauma, sepsis, 
burnings and inftammations. 
During septic conditions and acute infections it seems 
to be a prognostic marker and is therefore of value in 
monitoring these patients. 



IBL offers an EUSA for quantitative determination of 

soluble CD-14 in human serum, -plasma, cell-culture 

supematants and other biological fluids. 

Assay features: 12x8 determinations 
(microliter strips), 
precocued with a specific 
monoctona! antibody, 
2x1 hour incubation, 
standard range: 3-96 ng/rm 
detection limit 1 ng/mi 
CV: intra- and interassay < 8% 



For more information call or fax. 



GESELLSCHAFT FUR IMMUNCHEMIE UND -BIOLOGiE MBH 

08TERSTRASSE86-D-2000 HAMBURG 20 • GERMANY TEL. +40/491 00 61-64 • FAX +40 /40 11 98 > 
^^^^^ 
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SIMULTANEOUS AMPLIFICATION AMU DETECTION OF 
SPECIFIC DMA SEQUENCES 

Russell ffiguchi*, Gavia DoUiuger 1 , Sean Walsh and Robert Griffith 

Roche Molecular Systems, Int., 1400 55td St., Emeryville, CA 94G08. 'Cbiroo Corporation, 1400 53rd Sc. Emeryville, CA 
94*503, ^Corresponding author, 



We have enhanced the polymerase chain 
reaction (PCJR) such that specific I>NA 
sequences can be detected without open- 
ing the reaction tube. This enhanceniettt 
requires the addition of ethidium bromide 
(EtBr) to a PGR. Since the fluorescence of 
EtBr increases in the presence of double* 
stranded (ds) DNA an increase in fluores- 
cence in such a PGR indicates a positive 
amplification, which can be easily moni- 
tored externally. In fact, amplification can 
be continuously monitored in order to 
follow its progress. Hie ability to simulta- 
neously amplify specific DNA sequences 
and detect the product of the amplification 
both simplifies and improves PGR and 
may facilitate its automation and more 
widespread use in the clinic or in other 
situations requirittg high sample through- 
put 



"carryover" false positives in subsequent testing". 

These downstream processing steps would be elimi- 
nated if .specific amplification and detection of amplified 
DNA took place simultaneously wtthin an unopened re- 
action vessel Assays m which such different processes take 
place without, the need to separate reaction components 
have been termed '.'homogeneous* 1 . .No truly homoge- 
neous PCR assay has been demonstrated, to date, akhough 
progress towards this end has been reported* Chefcab, et 
at 1 * developed a PCR product detection scheme using 
fluorescent primers that resulted in a fluorescent PCR 
product Alle^pecific primers, cadi with different fluo- 
rescent tags, were used to indicate the genotype of the 
DNA. However, the unincorporated primers must still be 
removed in a do wnstream process in order to visualize the 
result Recently, Holland, et al>\ developed an assay in 
nktch the endogenous 5 r eaonudease assay of Taq DNA 
pdtymerasc was exploited to cleave a labeled oligonudeo- 
tide probe. Hie probe would only dcave if PCR ampfift* 
cation had produced its complementary sequence. In 
order to detect the dcavage products, however, a subse- 
quent process w again needed. 

We have developed a truly homogeneous assay for PGR 
and PCR proditci detection based upon tbc gready in- 
creased fluorescence that ethidiuin bromide and other 
DNA binding dyes exhibit when they are bound tcvds- 
DNA 14 ^. As outtined in Figure J , a prototypic PCR 



lthough the potential bencfjw of PCR 1 to. clin- 
ical emgnosdes are well known, 2,5 , it is still not 
# widely used in this setting, even though it is 

JL JL_ fcnit- year* eiuco thern*o*tabl« DNA polymer- 



ase* 4 iTwde PCR practical. Some of the reasons for its slow 
acceptance are high cost, lack of automation of pre-? and 
post-PCR processing steps, and false positive results, from 
carryovcT-cOntaminadon, The first two points are related 
in that labor is the largest contributor to cost at die present 
stage of PCR development. Most current assays requite 
some form of "downstream" processing once tbermocy- 
ding is done in order to determine whether the target 
DNA sequence was present and has amplified. Tlic*e 
include DNA hybridation 5 *, gel ekctrophor^^ v/ k n or 
without use of restriction digestion*;*/ HPLCr, or capillary 
electrophoresv , °. These methods are labor-intense, have, 
low throughput, and are difiicuh to automate. The third 
point is afeo dosdy related to downstream processing. 
The handling of the PCk product in these downstream 
processes increases the chances that amplified DNA wilt 
spread through the typing lab, resulting in a risk of 



I VCR cydrO 1 



/ 



X 



nDNA pn<nca 



«bQ^A comaiain^ 
target to\o&K£ 
(up M>JJp#n»ycft<) 




n^iiJy DNA 



1 Principle of simultaneous amplification and- detection of 
PCR product The component* of a PCR containing EtBr that arc 
fluorescent are lisxed— £tBr itself, EtBr bou«d to other ssDHA ot 
daDNA. There i& a large fluorescence enha n rr m eri t when EtBr is 
bound to DNA and binding is gix»tly enhanced when DNA is 
douhlc-strandcd. AfWr su&dcnt <n> .ctcIcs of PGR* the net 
morea.se in dqpNA results in additional EtBr binding, and a net 
increase In total fluorescence: 
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• expected 
product 

m *|JJifTt$r- 



WW * Gel electrophoresis of FCR am piification predicts of the 
human, nuclear gene, HLA DQtt, made in the presence of 
increasing amounts of EtBr (up to 8 N-gftoI). The presence of 
Et3r tias no obvious effect On utc yield or specificity of amplifi- 
cation. 




B. 




HCCK $ (A) Fluorescence measurements from PCRs that contain 
0.5 ugfrnl ElBr and that are specific for Y^>fotno*Oxbe repeat 
sequence*. Five replicate PCRs were begun containing each of the 
DNA* specified. At each indicated cycle, one of the five replicate 
PCRs for each DNA was removed from therm ocy ding and Hs 
fluorescence measured. Units of fluorescence art arbitrary. (B) 
UV photography of PGR tubes (0,5 ml Eppcndorf-stylc, poiypro* 
pylcne m"tcvo<enirifu?c tubes) con tuning reactions, those start* 
ing from 2 ng male DNA and control reaction? Without any DNA, 
from (A). 
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begins with primers that are single-stranded DNA (ss* 
DNA)» dNTPs, and DNA polymerase! An amount of 
dsDNA containing the target sequence (target DNA) is 
also typically present. This amount can vary, depending 
on the application, from single-cell amounts of DNA 17 to 
micrograms per PCRH>, If EtBr is present, the reagent* 
that will fluoresce, in order increasing fluorescence, are 
free EtBr itself, and EtBr bound to the single-stranded 
DNA primers and to the double-stranded target DNA (by 
its intercalation between the stacked bases of the DNA 
doubJ^hcfi*). After the first denatu ration cyde* target 
DNA will be largely single-strand ed. After a PGR is 
completed, the most significant cbange is the increase in 
the amount of dsDNA (the PGR product itself) of up to 
several micrograms- Formerly free EtBr is bound to the 
additional dsDNA* resulting in an increase hi fluores- 
cence* There is also some decrease in the amount of 
ssDNA primer, but because the binding of ElBr to ssDNA 
is much Jess than to dsDNA, the effect of this change on 
the total flucrresccricc of the sample is smalL The fluores- 
cence increase can be measured by directing excitation 
illumination through the walls of the amplification vessel 
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fc*{bcc and after, or even continuously during, thermocy. 
RESULTS 

PCR in the presence of EtBr. In order to assess the 
affect of EtBr in FOR, amplifications of the human HLA 
DQa g*ne >5> were performed with the dye present at 
concentrations from 0,06 to 8.0 u-gfrnl (a typical concen- 
tration of EtBr used in staking of nucleic aods foitowing 
get electrophoresis is 0.5 y.g/ml). As shown in figure 2, get 
electrophoresis revealed Utile or no difference in the yield 
or quality of the amplification product whether EtBr was 
absent or present at any of these concentrations, indicat- 
ing that EtBr does not inhibit PCR, 

Defectum of human Y-chtontosomo specific 
nnences* Sequence -specific fluorescence enhancement of 
EtBr as a result of PGR was demonstrated in a scries of 
amplifications containing 0,5 u-gfal EtBr and primers 
specific to repeat DNA sequences found on the human 
Y-chromosomc 20 - These PCRs initially contained cither 
60 ng male, 60 ng female, 2 ng mak human or no DNA. 
Five replkatc PCRs were begun for each DNA. After Q, 
17, 21 , 24 and 29 cycles of thermocyding, a PCR for each 
DNA was removed from the therraocyder, and its fluo- 
rescence measured in a spectrofkioro m e ter and plotted 
Vs. amplification cycle number (Fig. 3 A). The shape of this 
curve reflects the fact that by the tune an increase in 
fluorescence can he detected, the increase in DNA is 
becoming linear and not exponential with cycle number: 
As shown, the fluorescence increased abou? three-fold 
over the background fluorescence for the PCRs contain- 
ing human male DNA, but did not sigmfkandy increase 
for negative control PCRs, which contained either no 
DNA or human female DNA, The more male DNA 
present to begin with— 60 ng versus 2 ng— the fewer 
cycles were needed Co give a detectable increase in fluo- 
rescence. Gel electrophoresis on the products of these 
amplifications showed that DNA fragments of the ex- 
pected size were made in the male DNA containing 
reactions and that liule DN A synthesis took place in the 
control samples. 

In addition, the increase in fluorescence was visualized 
by simply laying the completed, unopened PCRs on a UV 
trandlhinunator and photographing them through a red 
filter. This is shown in figure SB lor the reactions thai 
began with 2 ng male DNA and those with no DNA. 

Detection of specific alkie* of me human 0-globm 
gene. In order to demonstrate that this approach has 
adequate specificity to allow genetic screening, a detection 
of (lie sickle-ceil anemia mutation was performed* Figure 
4 shows the fluorescence from completed ampMcations 

containing EtBr (0.5 tig/ml) as <tet«£t*l by photography 

of the reaction tubes on a UV transillominator. These 
reactions were performed using primer* specific for ci- 
ther the. wild-type or sickle-ceil mutation of the human 
^lobin gene* \ The specificity for each aBctc is imparted 
by placing the sickk-mutation site at the terminal 3' 
nucleotide of one primer. By using an appropriate primer 
annealing temperature, primer extension — and thus am- 
plification — can take place only if the S ' nucleotide of the 
primer is complementary to the 0-globin aUdc present*'* 2 . 

Each pair of amplications shown in Figure 4 consists of 
a reaction with either the wild-type allele spedfic (left 
tube) or skklc-aUele specific (right tube) primers. Three 
different DN As were typed: DNA from a homozygous, 
wHd-typc £~globin individual (AA); from a heterozygous 
sickle pMgipbin individual (AS); and from a homozygous 
sickle p-$oW individual (SS). Each DNA (50 ng genomic 
DNA to start each PGR) was analyzed m triplicate (3 pairs 
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c f reactions each). The DNA .type was reflected in the 
relative fluorescence intensities in each pair of competed 
amplification There was a significant increase in fluores* 
^cc only where a $~globin aQele DNA matched the 
primer »ct. When measured on a spectroflnorometer 
Mata not shown), this fluorescence was about three times 
j*t present in a PCR where both p-globm alkies were 
^matched to the primer set. Gel electrophoresis (not 
shown) established that this increase in fluorescence was 
due to the synthesis of nearly a microgram of a DNA 
fragment of the expected size for P-globin. There was 
fade synthesis of dsDNA in reactions in . which the ahete- 
jtpedfic primer was mismatched to both alleles. 

Continuous monitoring of a FCR. Using a fiber optic 
devtoefH is possible to direct excitation illumination from 
n speetrofluorometer to a PGR undergoing thcrmocyding 
an d to return its fluorescence to the Rpectroftuommeter. 
The fluorescence readout of such an arrangement, di- 
rected at an EtBr-concaining amplification of Y-chromo- 
some specific sequences from 25 ng of human mate DNA, 
Is shown in Figure 5. The readout from a control fCR 
witli no target DNA is also shown. Thirty cycles of PCR 
were monitored for each. 

The fluorescence trace a? a function of time dearly 
shows the effect of the thennocyding. Fluorescence inten- 
tly rises and falls mverscly with temperature. The fluo- 
rescence intensity is minimum at the denaturation tem- 
perature (94°Q and maximum at the anaealin ^extension 
temperature (50°C). In the negative-control PCR, these 
fluorescence maxima and minima do not change signifi- 
cantly over the thirty thennocydes, indicating that there is 
tittle dsDNA synthesis without the appropriate target 
DNA, and there is little if any Weaefung of EtBr during 
the continuous illumination of the sample. 

In the PCR containing male DNA, the fluorescence 
maxima at the annealing/extension temperature begin to 
increase at about 4000 seconds of therroocyeling, and 
continue to increase with rime, indicating that dsDNA is 
being produced at a detectable JeveL Note that the fluo- 
lesecnce minima at the denaturation temperature do not 
significantly increase, presumably because at this temper- 
ature there is no dsDNA for EtBr to bind- Tmis the course 
of the amplification is followed by tracking the fluores- 
cence increase at the annealing temperature. Analysis of 
ihc products of these two amplifications by gel electropho- 
resis showed a DNA fragment of the e?qpected size for the 
male DNA containing sample and no detectable DNA 
synthesis for the control sampte. 

DISCUSSION 

Downstream processes such as hybridization to a se- 
qucnce-*pedflc probe can enhance die specifidty of DNA 
deceiiiuit hr PCR. The cbmuxttkm of thcac processes 
means that' the specifidty of this homogeneous assay 
depends solely on that of PCR* In the case of sickle-cell 
disease, we have shown that PGR alone has sufficient DNA 
sequence specificity to permit genetic screening. Using 
appropriate amplification conditions, there is little non- 
specific production of dsDNA in the absence of the 
appropriate target allele. 

The Kpcxifidiy required to detect pathogens can be 
more or less than that required to do genetic screening, 
depending on the number of pathogens in the sample and 
the amount of other DNA that must be taken with die 
sample. A difficult target is HIV, which requires detection 
of a viraJ genome that can be at the level of a few copies 
per thousands of host cells 6 . Compared with genetic 
screening, which is performed on ceils containing at least 
one copy of die target sequence* HIV detection requires 
both more specificity and the input of more total 
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WWtt 4 ITV photography of PCR tubes containing ampUficmrons 
using EtBr that are spedfic to wild-type (A) or ficWe CS) alleles of 
the hunwD ^-globin gene. The left of each pair of tubes contains 
allele-spcdfic primers to the wild-type alleles, the right tube 
primers to the sicWe attek. The photograph was taken after SG 
cycles of PCR, aad the input DNAs and the alkies they contain 
are indicated. Fifty ng of DNA was used to begin PGR. Typing 
was done in triplicate (3 pairs of PCRs) for each input DNA: 
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HOIKS Continuous* readme naowtoring of a PCR. A fiberoptic 
was used to carry excitation light to a PUR m progress aod ai«> 
emitted light bad to a Buoromctcr (sec Experimental Protocol}. 
AmpKBcaooQ UStOg human malo-DNA specific primer* m a PCR 
rtarW with 20 ng of human male DNA {top), or in a control 
PCR without DNA (bottnm), were, monitored. Thirty cyde? of 
PCR were foJiowed for each, live temperature cycled between 
94X (denaturation) and 60°C (annealing and extension). Note in 
the male DNA. PCR, the cycle (time} dependent Increase in 
fluorescence at the auiieaEi^extension temperature, 
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DNA— up to micrograra amounts—! a order to have suf- 
ficient numbers of target sequences. This large amount of 
starting DNA m an amplification sig&i&c^ntly increases 
the background fluorescence over whicfe any additional 
fluorescence produced by PCR must be detected. An 
additional complication that occurs with targets in tow 
copy-number is the formation of the "primer-dimer" 
artifact. This is the result of the extension of one primer 
using the other primer as a template. Although this occurs 
infrequently, once it occur* me extension product is a 
substrate for PGR amplification, and cm compete with 
true PCR targets if those targets are rare. The primer- 
dimer product is of course dsDNA and thus is a potential 
source of false signal in this homogeneous as$ay. 

To increase PGR specificity ana reduce the effect of 
primer-dimcr ampUfVcarion, we are investigating a num- 
ber of approaches, including the use of nested-primer 
amplification* that take place in a single tube 8 , and the 
"hot-start", in which nonspecific amplification is reduced 
by raising the temperature of the reaction before DNA 
synthesis begins* 5 . Preliminary resuks using these ap- 
proaches suggest tbat^rimcrHJirowr is effectively reduced 
and it is possible to oetect the increase in EtBr fluores- 
cence in a PGR instigated by a single HIV genome in a 
background of 10* celts. With larger numbers of cells, the 
background fluorescence contributed by genomic DNA 
becomes problematic- To reduce this background, it may 
be possible to use sequence-specific DNA~binding dyes 
that can be made to preferentially bind PCR product over 
genomic DNA by mcorporatiug the dye-binding DNA 
sequence into the PCR product through a S' *add-on" to . 
the oUTOnudcotidc primer* 1 . 

We nave shown that the detection of fluorescence 
generated by an EtBr-contaming PGR is straightforward, 
both once PCR is completed and continuously during 
thermocyefing. The ease with which automation of spe- 
cific DNA detection can be accomplished is the most 
promising aspect of this assay. The Huorescence analysis 
of completed PGR* is alreadyposstblc with existing instru- 
mentation in 96-well format* . In this format, the fluores- 
cence in each PGR can be quantitated before, after, and 
even at selected points during therraocycung by moving 
the rack of PCRs to a. 96^rnicrowcJl plate fluorescence 
reader* 0 . 

The instrumentation necessary to continuously monitor 
multiple PCRs simultaneously is also simple in prindpte. 
A direct extension of the apparatus used here is to have 
multiple fiberoprics transmit the excitation light and flu- 
orescent emissions to and from multiple PCRs. The ability 
to monitor multiple PCRs continuously may allow quan- 
titation of target DNA copy number- Figure 5 shows that 
the larger the amount of starting target DNA, the sooner 
during PGR a fluorescence increase is detected* Prelimi- 
nary experiments (Higuchi and DoHinger, manuscript in 
preparation) with continuous monkoring have shown a 
sensitivity to two-fold differences in initial target DNA 
concentration. 

Conversely, if the number of target molecules is 
known — as it can be in genetic scieerung-^ntinuous 
monitoring may provide a means of detecting false posi- 
tive and false negative result* With a known number of 
target molecules, a true positive would exhibit detectable 
fluorescence by a predictable number of cycks of PCR* 
Increases in fluorescence -detected before or after that 
cycle would indicate potential artifacts. False negative 
resuks due to. for example,. inhibition of DNA polymer- 
ase, may be detected by including within each PCR an 
inefficiently amplifying marker. This marker results in a 
fluorescence increase only after a large number of cy- 
cles — many more than are necessary to detect a true 
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positive. If a sample fails to hare a fluorescence increase 
alter this many cycles, inhfcntton may be suspected. Since, 
in this assay, conclusions are drawn based on the presence 
or absence of fluorescence signal alone, such controls may 
be important In any event before any test based On this 
principle is ready for the clink, an assessment of its false 
posinWfalse negative rates will need to be obtained using 
a large number of known samples. 

In summary , the inclusion m PCR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detect specific DNA amplification from ouwide 
the PCR tube. In the future, instruments based upon this 
principle may facilitate the more widespread use of PCR. 
in applications that demand the high throughput of 
samples* 

EXPERIMENTAL PROTOCOL 

Human HLA-DQw gene ampliikauons containing EtBr. 
PCRs were set up in 100 u4 volumes containing 10 mM Tris^HQ, 
pH 8.3; 50 mM KC1; 4 roM MgO z : t£ units of To* DNA 
polymerase (Perkm^Elmcr Genu. Norwalk CT); 20 psribta cacti 
of human HLA-DQ* S cnc specific oligonucleotide primers 
<iH2& and CH27 1 * and approximately NT copies of DQ& PCft 
product diluted from a previous reaction. Ethidium bromide 
(EtBr; SigtrtfO w ^ used at the concentrationE indicated io Figure 
2. Thermocyding proceeded for 20 evdes in a model 4&0 
uWmocydcr (Perkm-EJmer Ccrua, Norvralk, CT) using a "step- 
cycle" program of 94*C for 1 mm, denauirauon and oVrC for 30 
sec antrtalmg and 72°C for 30 sec. extension. 

Y^chromom&c specific PCR* PCRs (J 00 ul total reaction 
volume) containing 0*5 y^f«a\ EtBr were prepared as described 
for HLA-DQo, except with different primers and target DNAs. 
These PCRs contained J S pmolc each male DN A^pcctfic primes 
VI.l and Vl.2 M , and either 60 ng male, 00 ueferoate, 2 ng male, 
or no human DNA* Thermocyding was&4*CTor I nrin- and S0?C 
for 1 mm using a "stcp<ycle H program The number of cycles for 
a sample were as indicated in figure 3. Fluorescence measure- 
ment is described below. 

AUde-apccific, human fs-gtofrin gco* PCR* Araptincaiions of 
100 ul volume using 0 5 ug/ml £tBr wcpc P*^*** ** 
described far HLA^DQ* above except with different primers and 
target DNAs. These PCRs contained eiOier primer pair HtfPt/ 
H0MA <w8d-type globm specutc prinicrs) or HCfttfflpMS («ek- 
le-fftobin speeffic primers) at 10 pmoie each primer per PCR. 
These primers were developed by Wu ct al- 1 . Three different 
target DNA* were tutcc* in separate amplificauons!— 50 »g each of 
human DNA that was homozygous for the sfcWc trait (5S)» DMA 
that was heterozygous for the sickle trak <AS), or DNA that vras 
homozygous for UW W.t- gJobm (AA). ThcrmocycBng was for 30 
cycles at 9TC for 1 mm. and 55«C for 1 min. itsui« a M stc>*ycfe]' 
program. An anneaKog temperature oI6S°C h*$ occn shown by 
Wo et al, 2J to provide aildc^pccinc amplification. Completed 
PCRs were pheuographed through a red filter (WrattenJzSA) 
after placing the reaction tubes amp a model TM-S6 transMumi- 
nator (UV- products Sah' Gabriel, CA). 

Fhioreseence measnxemetit Fluoresce)^ mcasurcraeni-s were 
ma<U on PCRs containing EtBr in a Fluorolog-2 fittoromCter 
(SPEX. Edison, NJ). Excitation was at the 500 nra band with 
abour 2 nm bandwidth with a GO 435 nm cut^ff.^ iMdks 
Crist Inc.. Irvine. CA) to exclude second-order light. Emitted 
y ght was detected at 5 ft) nm with a bandwidth of about 7 nra. An 
OG 530 »m cut-off fifter was used to remove the cxdtadon h$\t- 

ContiououA ftnorescenee monitoring of FCR, Contmuous 
monitoring of a PCR in progress was accomplished using mc 
Bpcctroftuoromeier and settings described Above as weB as a 
fiberoptic accessory <SP£X cat, no. 1950) to both send exotauon 
fight to, and receive emitted Ught from, a KR placed m a wcU of 
a model 480 wowocyder (Pcrkin-Elmer Cetus). The probe end 
of the fiberoptic cable was attached with "5 mmute-cpoxy to «w 
open top of a PCR tube (a 0.5 ml poiypropyienc centrifuge tube 
wtth its cap removed) effectively scaling iL The exposed toP^t 
the PCR tube and the end of the fiberoptic caWe were slueldcd 
from Toom light and the room lights were kept dunmed durmg 
each run. The monitored PCR was an ampWc&uon of V<bio- 
mc^omwpedne repeat sequences as described above, cxcein 
usingan anncaBngtetenskftl cemperauirc of 50°C. The reaCTinn 
was covered with mineral oil (2 drops) to prevettt evaporation. 
Therrncx7dingand fluorescence measurement were started si- 
multaneously, A ume-basc scan with a 10 second mtegraoon mne 
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w m used and the emission signal was ratiocd to the. excitation 
^go^l to control for ch*rjft<» in Ji^ht-iourcc intcruHty. O^ta were 
Reeled using the drn5O0Of, version 15 (SFEX) data system. 
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IMMUNO BIOLOGICAL LABORATORIES 



sCD-14 EDS A 



Trauma, Shock and Sepsis 




The CO-14 molecule is expressed on the surface of 
monocytes and some macrophages. Membrane- 
bound CD-14 is a receptor for lipopolysaccharide 
(LPS) complexed to LPS«8inding-Proteiri (LBP). The 
concentration of its soluble form is aftefed under, 
certain pathological conditions. There is evidence for 
an important rale of sCD-14.with pofytrauma. $epsis. 
burnings and inflammations. 
During septic conditions and acute infections it seems 
to be a prognostic manner and is therefore of value in 
monitoring these patients. 



IBL offers an ELISA for quantitative determination of 

soluble CD-14 in human serum, -plasma, cell-culture 

supernatants and other biological fluids. 

Assay features: 12x8 determinations 
(microliter strips), 
precoated with a specific 
monoclonal antibody, 
2x1 hour incubation, 
standard range: 3-96 ng/mi 
detector* limit 1 ng/ml 
CV: intra- and interassay < 8% 



for more information caM or fax 
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Oligonucleotides with Fluorescent Dyes at 
Opposite Ends Provide a Quenched Probe 
System Useful for Detecting PCR Product 
and Nucleic Acid Hybridization 

Kenneth J. Lfvak, Susan J.A. Flood, Jeffrey Marmaro, William Giusti, and Karin Deetz 

Porkln-Elmcr, Applied Htosystcms Dlvl&lon, Foster City, California 94404 



The 5' tiUCtoflBft PCR mtsmy dat«ets the 

Accumulation of specific PCR product 
by hybridization and cleavage of a 
double-labeled fluorogenfc probe 
during the amplification reaction. 
Hie probe Is an oligonucleotide with 
both a reporter fluorescent dye arid a 
quencher dye attached. An Increase 
In reporter fluorescence Intensity In- 
dicates that the probe has hybridized 
to the target PCR product and h«» 
been cleaved by the 5' nucle- 
olytlc activity of Taq DNA polymerase* 
In thW study, probes with the 
quencher dye attached to an Internal 
nucleotide were compared with 
probe* with the quencher dye at- 
tached to the J '-end nucleotide. In all 
cases, the reporter dye was attached 
to the 5' end. All Intact probes 
showed quenching of the reporter 
fluorescence. In general, probes with 
the quencher dye attached to the 3'- 
end nucleotide exhibited a larger sig- 
nal in the 5' nucleate PCR assay than 
the Internally labeled probes. It Is 
proposed that the larger signal Is 
caused by Increased likelihood of 
cleavage by Taq DNA polymerase 
when the probe Is hybridised to a 
template strand during PCR. Probes 
with the quencher dye attached to 
the 3 '-end nucleotide also exhibited 
an Increase In reporter fluorescence 
Intensity when hybridized to a com- 
plementary strand. Thus, oligonucle- 
otides with reporter and quencher 
dyes attached at opposite ends can 
be used as homogeneous hybrldlza- 



r\ homogeneous a'jsay for detecting 

Uiv M«\nu nutation of specific I'CR prod- 
uct that uses a double-labeled fluoro- 
genie probe was described by Lcc et ah 0> 
The assay exploits the 5' - * 3' nude- 
oJyilc activity of Taq DNA poly* 
meiaae <7 ' H * and Is diagramed In Mgure 1. 
The flu otogenic probe consist? of an oli- 
gonucleotide. wHh u reporter fluorescent 
dye, >uvh a* a fluorescein, attached To 
lite 5' end; and a quencher dye* such as a 
rhodaminc. attached internally. When 
the fluorescein is excited by Irradiation, 
Us fluorescent omission will be 
quenched if the iliodaiiuuc is close 
enough to be excited through the pro- 
cess of fluorescence energy trans Jcr 
0 FlV< During PCM, if the probe is hy. 
bridled to a template »hand, Tuq DNA 
polymerase will cleave the probe be- 
cause of its Inherent W 3' nucleolytic 
activity. ]f the cleavage occurs between 
the fluorescein and rhodaminc dyes, it 
cause* an increase in flucjicscvm fluores- 
cence intensity because the fluorescein 
is no longer quenched, Tlie Increase in 
fluorescein fluorescence Intensity Indi- 
cates that the probe-specific PCR product 
has been generated* Thus, FET between a 
ie|niMci dye am! a quencher dye Is criti- 
cal to the performance of Ihr. piuue hi 
the $' nucleate 1*011 Assay. 

Quenching is completely dependent 
on the physical proximity of the two 
dyes. wo Because of this, It has l/cuit av 
sumcd thot the quencher dye niu*t be 
attached neai the 5' end. Surpri singly, 
we have found that attaching a rho- 
doiuine dye ol the 3* end of a piube 



PCft assay, lurcher more, cleavage of this 
lype of probe ut not required to achieve 
some reduction In quenching. .Oil jjonn- 
clcotidcs with a reporter dye on the &' 
end and a quencher dye on the 3' end 
exhibit a much higher reporter flu ores* 
ceitee when dounic-stiandcd as com- 
pared with single-strondca* This should 
make it possible to use this type of dou- 
ble-labeled probe for homogeneous de- 
tection of nucleic acid hybridization, 



MATERIALS AND METHODS 
Oligonucleotides 

Table 1 shows the nucleotide sequence 
of the oligonucleotides used In this 
Study. Linker arm nucleotide (LAN) 
phosphoramidlic was obtained from 
CjJen Research. The standard DNA plios- 
phoramiditcs, 6-carboxyfluorescein (6* 
FAM) phosphoraniidite, fVcarboxytet* 
ramethylrhodamlne succiiilmldyl ester 
(TAKfRA NHS ester), and Phosphalink 
for attaching a a'-blocKlng phosphate, 
were obtained irum Per ki n- Elmer, Ap- 
plied hlosystems Division. Oligonucle- 
otide synthesis was performed using an 
ABI model 394 DNA synthesiser (Applied 
Biosystems). Trimcr and complement 
oligonucleotides were purified using 
Olifcu Purification Cartridges (Applied 
Blosyslems), Double-lulieled probe? were 
ny nt heal red with o-PAM* labeled phov 
pliuidtcifdile al the 5' end, IAN replacing 
one. of the Ts in the sequence, and Phos- 
phalink at the V end, Following de- 
piotttttloti and ethunol precipitation, 
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FlGURfc 1 Diagram of 5' nuclease assay. Stepwise representation of ine 5' -» 3' nucteotytfc* ac- 
tivity of 7fcfl UNA polymerase acting on & ftuorugenic probe during extension phase of I'tIK, 



mM Na-bicartonatc buffer, (pi 1 9.0) at 
room temporal u ix. Uiucactcd dye was 

iciiioved by u<ia»tt£e ovci a. PD-10 Scplltt* 

dcx column. Finally, the doubie-labclcd 
probe was purified by preparative high- 
performance liquid chromatography 
\\mxy using an Aquaporc C K 221 >x 4.6- 
mm column with particle size. 'ITic 
column wu developed with a 24*mhi 
linear gradient of 9-20% ucctonitrllu in 
0,) m TEAA (tricthylaminc acetate). 
Probes are named by designating the se- 
quence fcom Tabic 1 and the position of 

the UN-TAMRA moiety. I'or example, 

probe Al-7 has sequence Al with IAH- 
TAM1\A at nucleotide position 7 from the 
.S' end. 



PCR *y*lcm> 

All PCR amplifications were performed 
in the Pcrkin- Elmer GcneAmp PCR Sys- 
tem 9600 using MJ-jU reactions that con- 
tained 10 mM Tris-HCl <pH 8.3), 50 iiim 
KCI, 200 u.m dAW, 200 |im dCTfi 200 \iM 
dGTP, 400 m.m dUTP, 0.5 unit of AnipEr- 
ase uracil N«glycosylase (PerkirvEimcr), 



gene (nucleotides 2141-2435 in the se- 
quence of Naka|lma-ll|ima ci ai.) (7J was 
amplified using Mijuier* AI'P and AJIP 
(Table 1), which are modified slightly 
from those of du Breuil ct ah <ft) Actln am- 
pliflcoUon reactions contained 4 mM 
M S£'\z, 20 ng ot human genomic ]>NA, 
SO nM Al or A3 probe, and 300 om each 



primer. The thermal regimen was S0 Q C 
<2 mln), 95°C (10 mln), 40 cycles of 95*0 
(20 sec), GO^C (1 mln), and hold at 72°C. 
A 515-bp segment was amplified from a 
pJasmld that consists o! a segment ol X 
DNA (nucleotides 32,320-32,747) in- 
serted in the Sma\ situ of vector pUCl 19. 
These reactions umtulmtd 3.5 him 
MgC| 2 , 1 ng of plusrnid DNA, SO riM ?2 or 
PS probe, 200 nw primer VU9, arid 200 
tiM pi unci R119. The thermal regimen 
ww WC (2 mln), 95*C (10 mln), 25 cy- 
cles of 9$"C (20 sec), 57%: U mln), pnd 
hold at 72 e C 



f UinresceJice Detection 

I'or c» eh amplification reaction, a 40-pt.l 
aliquot of a sjimpie was transferred to an 
Individual well of a white, 9£.w«)l micro 
titer plate (Pexkin-lllmer). Fluorescence 
waa measured on the i'crkln-LImef T&q- 
Man LS-SOU System, which consists of a . 
luminescence spectrometer with plate 
reader assembly, a 4BS-nm excitation flU. 
ter, and a MJwim emission filter. Excita- 
tion was at 4&8 nm using a Vnm slit 
width. Emission was measured at 518 
nm for 6-VAM (the reporter or H value) 
and nm for TAMIlA (the quencher or 
Q value) using a 10-nm slit width. To 
determine the Inticaac in leuoitei tmb- 
*Jon that Im caused try cleavage of the 
probe during PCR, three normalisations 
a ic applied to the raw emission data. 
First, emission Intensity of a buffet blank 
is subtracted for each wavelength. Sec- 
ond, emission intensity of the reporter is 



TABLE 1 


Sequences of Oligonucleotides 




Name 


'type 


.Sequence 


PU9 


primer 




H119 


prlxnvT 


Aix3TcucGTrcx;GGc:rGA<x7nm ac 


W 


probe 


l OGCATXAOO Al'CCnxjCCAACCACTp 


?2c: 


complement 


CTACrc crrcc CAACX i ATCA< JTAATO CCLVI^G 


PS 


probe 


CU0Al-nGClXiCrrATCJATCAC7u\CCAlV 


P5C 


complement 


nr^TCXTITGTX^TACAIACXlAOCV^ 


AW 


primer 


TCACCCACACTGTGCCCATCTACQA 


ARr 


primer 


CWCiUiUAAt XXiCIt AITCKXAATOO 


At 


probe 


ATOCCCiXXXXX^ixSCX^lCCiXK^Tp 


Air. 


corapl «1M«» I 


Ac^<:t:tiitit;A'ix:<:<^Tt:t;c;t;r;At;<;7j(UTAC 


A3 


piobc 


CGCXXn-60AClTO5ACCAACA0Al|i 


A3C 


cuniplemeut 


CCATCrCTTOCTTCOAAGTCCAGGGCRAC 



Tor each oli^onudcu title used in Oils study, the nucleic add sequence is given, written in (he 
5' > y direction. Tbeie are Ihrer types of alijjonucleotides; TCR primer, fluorogenJc probe used 
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A1-2 RAQ<?f:cx , ri<x:fxx^rcxtA7ct?rcttGTp 

A1-7 IlATCCCCOCCCCC^T^^AlX^WX. , 'it» 

At -fift ftMr*XVT<.VCXfcWjW^^ 

A 1-20 P^CCC^^c^^MOc^A^^rCC-cQp 



Prabft 


618 nm 


682 nm 


no- 


RQ* 


AftO 








no Umfx 


4 t*mp. 










25 5 it 2.1 


92.7 A t.O 


33 2 K 0.0 


392 * 2.0 


0.G? * 0.01 


o.eo i o.oc 


O.tOd o.oc 




53.0 4 0.3 


30S.1 A '21*4 


108.6**4 


1103 .-5.3 




3.56*0.17 


2J>0* O.tft 


AM 4 


127.0*4.0 


403.3*10.1 


100.718.3 


03. H 6.3 


1.18 10.03 




3. 18 4 0.15 


A1-19 


187.** \1,9 


4S»?.7:i 7.7 


TO.3 * 7.4 


73.02 0.0 


2.67 1 0.06 


6.00 i 0,16 


9,13 a o.i6 


A1-22 


224. G j 0.4 


49£.tt 1 43.6 


1OO.O±4.0 


06X1 o.e 


C.2& i 0.03 


5.021 0.1 1 


C77 10.12 


A1-28 


160.2 J Q.9 


464.1 i 


* 




l.ttltMJZ 







"ICURE 2 Results of 5* tiucicaor «»*«r • twnparinfc p-aetln f fobci with TAMRA At <Wkrem nueje 
oilde positions. As described in Materials ana Methods. KX amplification* containing the In- 
dicated probes were performed, and the fluorescence emission was measured at 518 and 582 nm. 
Reported value* arc the averaged 1 s.D, for six reactions run without added template (no temp.) 
anil six readlons run with template (4 temp,). The KQ ratio was calculated for each individual 
reaction and averaged to give the reportecfRQ* and KQ 1 values. 



divided by the emission intensity of Ihr 
quencher to give an RQ ratio for cadi 
reaction tube. Tills normalizes tor wcll- 
to-well variations in probe concentra- 
tion and fluorescence measurement, n* 
1 naiiy, arq is calculated by subtracting 
the KQ value of the no-template control 
(RQ**) from the KQ value (or the com- 
plete reaction including template 
(RQ'), 

RESULTS 

A senes of probes with increasing dis- 
tances oerween the fluorescein reportci 
and rhodamlnc quencher were tested to 
investigate the minimum anci maximum 
spacing that would give an acceptable 
performance in the 5' nuclease rCK as- 
jay. Tnese probes hybridize to a target 



sequence in the human p-actin gene. 
FJguic 2 shows the results of on experi- 
ment in which these probes were In- 
cluded in PGR thai amplified a segment 
of the p-actln ge;iir. containing the Uigct 
seuviencr- IVifuuiiante Iti the S' nu- 
clease PCR assay is monitored by the 
magnitude of AkQ, which b'O measure 
of the increase in reporter fluorwencr 
lauacd by PCR amplification of the 
probe target, Probe Al -2 ha* a ARQ value 
that is close to zero. Indicating that the 
probe was not cleaved appreciably dur- 
log the amplification reaction. Thla sug- 
gest* that with the quencher dye on the 
second nucleotide from the 5' cnd f there 
is insufficient lociiu Jot Tay polymerase 
to cleave efficiently between the reporter 
and qucnehei. The other five probes ex- 
hlhlted comparable AK<> values that are 



clearly different from zero. Thus, oil five 
probes are befog cleaved during K;k am- 
pllflcation lesulUftg in a similar Increase 
hi icportcr fluorescence. It xhuuld be 
noted that complete digestion of a probe 
produces a much larger increase in re- 
porter fluorescence Uian that observed 
in Figure 2 (data not shown). Titus, even 
In reactions where amplification occurs, 
the majority of probe molecules remain 
uitclcavcd. It is mainly for this reason 
that the fluorescence intensity , of the 
quencher dye TAMRA changes Utile with 
amplification of the target. This Is whal 

allows us to use the $u2-nm fluorescence, 
reading as a noimallxation factor. 

The magnihinV of RQ" depends 
mainly on the quenching efficiency in- 
herent in the specific .structure ol the 
probe arid the purity of the oligonucle' 
otide. Thus, the larger HQ" values Indl* 
cate that probes AM4 f AJ-19, Al-22, and 
Al-26 probably have reduced quenching 
as compared with A1-7. SUH. the degree 
of quenching ift sufficient to detect a 
htghly significant ImTcosc In reporter 
fluorescence when each of these probes 
ia cleaved during PCR. 

To further investigate the ability of 
TAMRA on the V end to quench fi-PAM 
on the 5' end, three additional pairs of 
probes were tested in the 5' nuclease 
PCR assay. Pot each pair, one probe has 
TAMRA attached io nn internal nude- 
ulluc and die iilhei has TAMRA atUdied 
to the 3' end nucleotide, The results arc 
shown In Tabic 2, hot all three, sets, the 
probe with the 3' quencher exhibits a 
dRQ value that Is considerably hifchei 
than for the probe with the internal 
quencher, The RQ* values suggest thnl 
differences In quenching arc not as great 
as those observed with some of the Al 
pTobes. Theae results demonstrate that a 
quencher dye or) the 3' end of an oligo- 
nucleotide can quench efficiently the 



TABLE 2 Results of S' Nuclease Assay Comparing Probes with TAMRA Attached to ah Internal or 3'-terminul Nucleotide 



S18 mn 



SR2 nm 





Probe 


no temp. 


+ temp- 


(Hi U:iup. 


+ lemp. 


KQ 


RQ 4 




AC 


A3-24 


54.6 i 3,2 
72.1 ± 2.9 


84.8 = 

236.5 a. 11.1 


116.2 s. 6,4 
&4.2* 4.0 


iiti.t) — 2.5 
90.2 -L 3.8 


0,47 & 0.02 
0.86 a. 0.02 


0,73 a. 0,03 
2,62 ± 0.05 


U.20 ± 0.04 
1.76^0,05 


ihe 
ied 
the 


17-7 
1^27 


S2.B 2. 4.4 
113.4x6.6 


3»4.0± 34.1 
555.4 ±14-1 


iuyj X 6.4 
140.7^8,5 


120.4 -r 10.2 
118.7 2:4.8 


0.79 l 0.0Z 

agi ± o.oi 


3.10 * 0,16 
4.66 ±0.10 


2.40 t< 0.10 
3.68 t 0.10 


I»5-10 
VS2S 


77*5 ± 6^ 
64.0 ± S.Z 


244.4 a 15.9 
333.6 ± 12.1 


86.7 -4. 4,3 
1(K).6*6.1 


9S.S * 6.7 
94.7 2 6.3 


0.89 * 0.05 
0A1 ± 0.62 


2^5 * O.Oo 
3.53 * 0.12 


1.66 ± 0.08 
289 i 0.13 


111* 








•i.u-.«lailnns were nerformcd us described In Mutwloi «..d Meiltods «nd in the legend to F1&. 2, 
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fluoresr<»ncp of a reporter dye on the 5 1 
end. Tin? degree of quenching is suffi* 
ciciiL fur thin type of oligonucleotide to 
be used as a probe in the &' nuclease PGR 
assay. 

To test the hypothesis thai quenching 
by a V TAMRA depends on the flexibility 
of the oligonucleotide, fluorescence was 
mcaiuiad fur probes . in the Single- 
stranded and double stranded states, To- 
hie A reports the fluorescence observed 
at 518 and 582 ilm. The relative degree 
of quenching Is assessed by calculating 
the RQ ratio, far probes With TAMRA 
*-l0 nucleotides from the S' end, there 
Is little difference In the HQ values when 
comparing single-stranded with double- 
stranded oligonucleotides, The results 
for probes with TAMRA at the 3' end are 
much different. For these probes, hy- 
bridization to a complementary strand 
causes a dramatic Increase in HQ. We 
propose that this loss of quenching is 
caused by the rigid structure of double- 
stranded UNA, which prevents the 5' 
and 3' ends from being in proximity. 

When TAMRA is placed toward the 3' 
end, there Is a marked Mg 2< effect on 
quenching. Figure 3 shows a plot of ob- 
served RQ values for thu A) series of 
probes as a function of Mg 2<1 concentra- 
tion. With TAMRA attached near the 5' 
end (prohe A 1-2 or Al-7), the RQ value at 
0 him Mg 2 " is only Slightly higher than 
RQ at 10 inn Mfr*. 1'or probes Al-19, 
Al-22, and Al*26, the RQ values at 0 mM 
Wig 7 4 are very high, Indicating a. much 



reduced quenching efficiency. For each 
of these probes, thete h » marked de- 
crease in HQ at 1 rriM Mg* * followed by 
u gradual decline as the Mg* 1 tviiccn- 
rrution increases to 10 mM, Piube A1-14 
shows mi intermediate RQ value ai 0 mM 
M$ 94 with a gradual decline at hlgJler 
Me/* coiKenliallwias. In a low-salt en- 
vironment with no Mg a * present, a sln- 
glc-Mranded oligonucleotide would be 
expected to adopt an extended confor- 
mation because of ckctrosiatlC repul- 
sion. The binding of Mg a+ Ions acts to 
shield the negative charge of the phos- 
phate backbone so that the oligonucle- 
otide can adopt conformations where 
thfc .V end is close to the 5' end. There- 
fore, the observed Mg 2 * effects support 
the notion that quenching oi a 5' re> 
porter dye by TAMRA at or near the 3' 
end depends on the flexibility of the oli- 
gonucleotide. 

DISCUSSION 

The striking finding of this study is that 
it seems the rhodamlne dye TAMKA, 
placed at any position iii an oligonucle- 
otide, can quench the fluorescent emis- 
sion of a fluorescein (o-l ; AM) plated at 
the 5' end, This Implies that a single- 
stranded, double-label cd oligonucle- 
otide must he able to adopt confonna- 
tlons where the TAMRA Is close to the 5' 
end. U should lie noted that the decay of 
6-!'AM In the excited stale requires a cer- 
tain amount of time. Therefore, what 



TABIC 3 Comparison of PlunrcAcc«Ke Eiui^iuus of singlc-atrandcd and 
Double-jitr*ndcd Fluorogenic PidbcN 



518 nm 



58?. nm 



RQ 





09 


ds 


«• 


Us 


u 


<as 


A1-7 


27.75 


6fl.&3 


61.08 




0.45 


0.50 


Ab26 


43.31 


509.38 




93.86 


0.81 


5.43 


A3-6 


16.7S 


62,o8 


39.33 


K.S.57 


0.43 


0.38 


A.V24 


30.05 


578.64 


67.77. 


140.25 


0.45 


3.21 


n-i 


35.02 


70,13 


M.ft 


123. 09 


0.64 


0.58 


17-27 


S0.A9 


320.47 


65.1U 


61.13 


0,61 


SJ25 


PS- 10 


27.:i4 


144.85 




165.54 


0.4* 


0.87 




33.65 


4<S2.29 




104.01 


0.46 


4.43 



(as) single stranded. The fluorescence emissions at 518 or 582 nm for solutions containing a final 
concentration of 50 itm Indicated probe. 10 mM Tris-I ICI (pH 8*3), 50 dim KC1. and 10 mM MgCl^. 
(ds) D«>uble*strandpd. 'inc solutions contained, In addition, 100 iim AlC for pmhrs Al«7 and 
M*20 t 100 riM A3C for probes A3-6 and A3-24. 100 nM l*2< : (or pinljes 1*2-7 and 17.7.7, or 100 nM 
TSC for prober M-10 and es-2w. ttcforc me aodm<w Of MgC»h# i X* n.1 of each Miinple was heated 
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marten* for qucncldng b not the average 
distance between 6d-AM and TAMIU 
but, rather, how close TAMRA can get lo 
6*rV\M during die lifenme Of UlC 6-FAM 
excited state. As long as the decoy time of 
the excited state IS relatively long coin- 
pared Willi the molecular motions of the 
oligonucleotide, quenching can occut. 
Thus, we propose that TAMRA at the 3' 
end, or any other position, can quench 
e-FAM at the V end because TAMRA is In 
proximity to fi*KAM oficn enough to be 
able lo accept energy transfer from an 
excited 6MV\M. 

Details of the fluorescence measure- 
ments remain puzzling. Fox example, Ta- 
ble 3 shows that hybridisation of probes 
AU20 t A3-24, and PS-28 to their comple- 
mentary strands not only causes a large 
increase in 6-FAM fluorescence at 518 
inn but also causes a modest Increase in 
TAMRA fluorescence at 582 nm. If 
TAMRA Is being excited by energy trans- 
fer from quenched 6-rWM, then loss of 
quenching attributable to hybridization 
should cause a decrease in the fluores- 
cence emission of TAMRA, the fact that 
the fluorescence emission of TAMRA In- 
creases indicates that the. situation ts 
more complex. Kor example, we have an- 
ecdotal evidence thar the bases of the 
Oligonucleotide, especially Ci, quench 
the fluorescence of both 6-FAM and 
TAMRA to some degree. When double* 
stranded, base-pairing may reduce the 
ability of the bases to quench. The pri- 
mary factor causing the quenching of 
6-MM in an intact probe is the TAMRA 
dye. Evidence for U)e Importance of 
TAMRA is that 6 KAM nuweM&nce 
remains relatively unchanged when 
probes labeled ouly with 6-FAM are used 
in the S' nuclease rCR assay (data not 
shown). Secondary effectors of fluores- 
cence, both before and afuu cleavage of 
the probe, need to be explored further. 

Regardless of the physical mocha- 
nism, the relative independence of posi- 
tion and quenching greatly simplifies 
the design of probes for the S' nuclease 
PCR aaftay, There are three main factors 
that determine the performance of a 
double-labeled fluorescent probe In Uic 
f>* nuclease I>CR assay. The first factor 1$ 
the degree Of quenching oljxerved In the 
intact probe. Tills b Characterized by the 
value of RQ' # which Is the ratio of re- 
porter to quencher fluorescent cmis 
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FIGURE 3 Kftecl e»f M$ Ki concentration on RQ ratio for the A J series of probes. The fluorescence 
emission intensity at 518 and 582 nm was measured for solution* containing 50 nM probe, lOmM 
Tris-HCl (pH 50 mM KCI. ftnd varying amounts (0-10 mM) of MgCl 2 . *lhe calculated HQ 
ratios (518 nm Intensity divined hy SM nm intensify) art* plot led vs. MgO A concentration (mM 

Mn). The: key {upjtKf tight) »huwii llie fiiolnfe examined. 



dyes used, spacing be.twe.en reporter and 
quencher dyes, nucleotide sequence 
context effects, presence of structure or 
other faciur* that irduec flexibility of 
the oligonucleotide, and purity of the 
probe. The second factor is the. efficiency 
of hybudizaUon, which depends on 
probe T m , presence of secondary struc- 
ture In probe or template, annealing 
temperature, and other reaction condi- 
tions. Tbe third factor Is the efficiency at 
which fuq DNA polymerase cleaves the 
bound probe between the xeporter and 
quencher dyes. This cleavage Is depen- 
dent oa sequence complementarity be- 
tween probe and template as shown by 
Uie observation that mismatches in the 
segment between reporter and quencher 
dyes drastically rcdutv the cleavage; of 
probu. <l) 

The rise in RQ* values for the Al se- 
ries of probes seems to indicate that ihe 
degree of quenching ts reduced some- 
what as the quencher is placed toward 
the 3' end Ihe lowest apparent quench- 
ing Is observed for probe Al-19 (see Fig. 
3) rather than for the probe where the 
TAMRA Is at the 3« end (Ai-26). This is 
•understandable, as the conformation of 
the 3' end position would be expected to 
be less restricted than the conformation 
of an Internal position. In effect, a 
quencher al the 3' end is freer to adopt 
conformations close to the .V reporter 
dye than . Is an internally placed 



U~- 1T« 



probes, the interpretation of RQ values 
is less clear-cut. The A3 probes show the 
some trend as Al, with the 3' TAMRA 
piubc having a larger RQ than the in- 
ternal TAMRA probe. For the P2 pah, 
lx>th probes have about the same RQ" 
value. For die PS probes, the RQ for the 
3* probe is less than for the Internally 
labeled probe. Another factor that may 
explain some of the observed variation is 
that purity affects the RQ" value. Al- 
though all probes are HPLC purified, a 
small amount of contamination with 
unquenched reporter can have a large ef- 
fect on RQ . 

Although there may be a modest el- 
feci on d<$rec of quenching, the posi- 
tion of the quencher apparently um 
have a large effect on tbe efficiency of 
probe cleavage, The most drastic effect is 
observed with probe Al-2, where place- 
ment of the TAMRA on the second nu- 
cleolar reduces the efficiency of cleav- 
age to almost zero. For the A3, P2, and PS 
probes, ARQ is much greater for the 3' 
TAMRA probes as compared with the In- 
ternal TAMRA probes. This Is explained 
most easily hy assuming that piobes 
with TAMRA at the 3' end are more likely 
to be cleaved between importer and 
quencher than are probes with TAMRA 
attached internally. J ; or the A1 probes, 
the cleavage efficiency of probe Al-7 
must already he quite high, as ARQ does 
not increase when the quencher is 
nUrwi tWwt to thp .V end. This illus- 



trates the importance nf being able fo 
use probes with a queochor on the. *.*' 
end in the 5' nuclease pen assay, In this 
assay, an increase in the intensity of re- 
porter fluorescence is observed, only 
when the probe is cleaved between I he 
reporter and quencher dyes. By placing 
the lupurLur and quuuchui dyes oil the 
opposite ends of an oligonucleotide 
probe, any cleavage that occurs will be 
detected. When the quencher Is uttuched 
to an Internal nucleotide, ttomethnes the 
probe work* well (A 1*7) and other Ulrica 
not so well (A3-6). The relatively poor 
performance of probe A3 -6 presumably 
means the probe It being cleaved 3' to 
the quencher rather than between the 
repnripr and quencher. Therefore, the 
best chance of having a probe that reli- 
ably detects accumulation of PGR prod- 
uct in the 5' nuclease POK assay is to use 
a pTohe with the reporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight benefit In 
terms of hybridization efficiency, Ihc 
presence of a quencher attached to an 
Internal nucleotide might be expected to 
disrupt base-pairing and reduce the T m 
of a probe, in fact, a 2V/-3V- reduction 
In T m has been observed for two probes 
With internally attached TAMkAh/" 1 This 
disruptive effect would be minimised by 
placing the quencher at the 3' end, Thus, 
probes with 3' quenchers might exhibit 
Mifthtly higher hybridation efficiencies 
than piobes with interna] ujucucheis. 

The combination of increased cleav- 
age and hybridization efficiencies means 
that probes with 3' quenchers probably 
will be mote tolerant of mismatches be- 
tween prooc and target As compared 
with internally labeled probes. This tol- 
erance of mismatches can be advanta- 
geous, as when trying to use o single 
probe to detect POK-amplificd products 
from samples uf different species. Also, U 
mean's that cleavage of probe duri t\% PGR 
Is less sensitive to alterations in an* 

ncaling temperature or other reaction 
conditions, The one application whore 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination. I-cc 
ct al. w demonstrated thai allele-speclflc 
probes were cleaved between reporter 
and quencher only when hybridized to a 
perfectly complementary target. This al- 
lowed them to distinguish die normal 
human cystic fibrosis allele from the 
AFS08 mutant, Their probes had TAMRA 
attached to the seventh nucleotide from 
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figure 3 Kffcet of Mg® 1 concentration on RQ ratio for the A3 series of probes. The fluorwicuiiet! 
emlsslun intensity at M ft and 582 nm was measured for solutions containing SO nvi probe, !0 mM 
Tris-lia (pH 8.3), 50 tdm KC2, and varying amounts (0 10 mM) of MgCl*. The calculated RQ 
ration (mm nm Intensity divided by 5HZ nm intensity) are plotted vs. MgQ a concentration (t«M 
Mff). The key (upper H$ht) &hOWS the pTobcs examined. 



dyes used, spacing between reporter and 
quencher dyes, nucleotide sequence, 
context effects, presence oi structure or 
other factors that reduce flexibility of 
the oligonucleotide, and purity of the 
probe. The second factor is trie efficiency 
of hybridization, which depends on 
probe T m , presence of secondary struc- 
ture In probe or template/ annealing 
temperature, and other reaction condi- 
tions. The third ractor is the efficiency at 
which Taq UNA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween probe and template as shown by 
the observation that mismatches in the 
segment between reporter and quencher 
dyes drastically reduce the cleavage of 
prohe. <l> 

The rise in RQ values for the Al se- 
ries of probes seems to Indicate that the 
degree of quenching IS reduced some- 
what as the quencher is placed toward 
the 3' end. The lowest apparent quench- 
ing is observed for probe A1-19 (see Hg. 
3) rather than for the probe where the 
TAMRA is at the 3' end (A1'26). This is 
undcmandable, as the conformation of 
the end position would be expected to 
be less restricted than the conformation 
of an internal position. In effect, a 
quencher at the 3' end is freer to adopt 
conformations close to the 5' reporter 
dye than is an internally placed 
quencher, For the other three sets of 



probes, the interpretation of RQ values 
is less clear-cut. The A3 probes show the 
same trend as Al, with the 3' TAMRA 
probe having a larger RQ" than I he in- 
ternal TAMRA probe. For the 92 pair, 
both probes have about the same RQ 
value. For the PS probes, the RQ* for the 
3 1 probe b less than foi the lutein ally 
labeled probe, Another factor that may 
explain some of the observed variation Is 
that purity affects the RQ" value. Al- 
though all probes are HPLC purified, a 
small amount of contamination with 
unquenched reporter can have a large ef- 
fect on RQ . 

Although there may be a modest ef- 
fect nn degree of quenching, the posi- 
tion of the quencher apparently can 
have a large effect on the efficiency of 
prob« cleavage. The most drastic effect is 
observed with probe Al-2, where place- 
ment of the TAMRA on the second nu- 
cleotide reduces the efficiency of cleav- 
age to almost zero. Vox the A3, P2, and PS 
probes, ARQ is much greater for the 3' 
TAMRA probes as compared with the in- 
ternal TAMRA probes. This is explained 
most easily by assuming that probes 
with TAMRA at the 3' end arc more likely 
to be cleaved between reporter and 
quencher than are probes with TAMRA 
attached internally. Por the Al probes, 
the cleavage efficiency of probe Al*7 
must already be quite high, as ARQ does 
not increase when the quencher is 
placed closer to the 3' end. This illus- 
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Irate* the importance of belUfl able to 
use probes with a quencher on the 3' 
end in the V nuclease 1'CU assay. In this 
assay, an increase in th<i intensity of re 
porter fluorescence Is ob*«rved only 
when the probe is cleaved between the 
reporter and quencher dyes, "y placing 
the reporter and quencher dye* on the, 
opposite ends of an oligonucleotide 
I f robe, any cleavage thai UVCUt'K will be. 
detected. When rhe quencher tt attached 
to dti ItUCiual nucleotide, tunic times the 
prohc work* welt (Al.7) and other times 
not so well (A3.6). The relatively poor 
performance of probe A3-6 presumably 
means the probe is beln« cleaved 3' to 
the. quencher rather than between the 
reporter and quencher. Therefore, the 
best chance of having a probe that reli- 
ably detects accumulation of PGR prod- 
uct In the 5' nuclease PCR assay is to use 
a probe with the reporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight benefit in 
terms ol hybridization efficiency. 'I be 
presence of a quencher attached to an 
internal nucleotide m^hibe expected to 
disrupt base-pairing and reduce the T,* 
of a probe. In fact a 2*C-3'C reduction 
in T m has been Observed for two probes 
with internally attached TAMRAs. c9) This 
disruptive effect would be minimised by 
placing the quencher at the 3' end. Thus, 
probes with 3* quenchers might exhibit 
slightly higher hybridization efficiencies 
than probes with internal quenchers. 

The combination of Increased cJesv. 
age and hybridization efficiencies means 
that probes with 3' quenchers probably 
will be more tolerant of mismatches be- 
tween probe and target as compared 
with internally labeled probes. This tol- 
erance of mismatches can be advanta- 
geous, as when trying to use a single 
probe to detect PCR-amplihed products 
from samples of different species. Also, It 
means that cleavage of probe during PCR 
is less sensitive to alterations In an- 
nealing temperature or other reaction 
conditions- The one application where 
tolerance of mismatches may be a disad- 
vantage Is for allelic discrimination. l<ce 
et al, ( " demonstrated that allclospeclfic 
probes were cleaved between reporter 
and quencher only when hybridised to a 
perfectly complementary target. This al- 
lowed them to distinguish the normal 
human cystic fibrosis allele from the 
AFS08 mutant. Their probes had TAMRA 
attached to the seventh nucleotide from 
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tlua .V end and were deigned so that any 
mismatches were between the reporter 
and quencher. Increasing the distance 
betwaan reporter and qur.nchflr would 
lessen I he disruptive effec t of mis- 
matches and allow cleavage of the probe 
on the incorrect tarjjut. Thus, probes 
with a quencher attached to an intcrnul 
nucleotide may still be Usoful for allelic 
discrimination. 

in this study loss of quonchlng upon 
hybridization was used to show that 
quenching by a 3* TAMRA In dependent 
on the flexibility uf a single-stranded oli- 
gonucleotide, The Increase in reporter 
fluorescence intensity, though, could 
also b* used to determine whether hy- 
brldlzation has occurred or not. Thus, 
oligonucleotides with reporter and 
quencher dyes attached at opposite ends 
should also be useful Aft hybridization 
probes. The ability to delect hybridiza- 
tion In real time means that these probes 
could be used to measure hybridization 
Kinetics. Also, this type of probe could be 
used to develop homogeneous hybrid- 
isation assays for diagnostics or other ap- 
plications. Bagwell Ct al, <i0) describe just 
this type of homogeneous assay where 

hybridization of A probe caustrs an in- 
crease In fluorescence caused by a loss of 
quenching. However, they utilized a 
complex probe design that require* add- 
ing nucleotides to both ends of the 
probe sequence to form two imperfect 
hairpins, ihe results presented here 
dciiiuiisuati' that the simple addition of 
a reporter dye to one end of an oligonu* 
clcotlde and a quencher dye to the olhci 
*nd generates a fluorogonlc probe that 
can detect hybridization or PCK amplifi- 
cation. 
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Wc have developed a novel "real W quamiiailvc PCR method. The Sd ' Serv 

accumulation through a duaMabeled fluorosenle probe (i.c., TaqMan Prob*). This mottod provides ; vary 
aca ra« and reproducible quantitation of Rene copies. Unlike other quantitative PCR methods, rcal-i roe PCR 
doe nor i^uliS rom-PCR sample handling preventing potential PCR product carryover contamination and 
'££ Kuch'Lter and higher throughput assays. The retime PCR method , te a very 
rantre of starting taryet molecule determination (at least five orders of magnitude). Real-time auantltarlvc 
PCR is extremely accurate and less labor-intensive than current quantitative PCR methods. 



Quantitative nucleic acid sequence analysis lias 
had an important mie in many fields of biologi- 
cal research. -Measurement of gene expression 
(RNA) has been used extensively In monitoring 
biological responses to various stimuli (Tan ^ «k 
1991; Huang el al. I995a.b; Prud'hommc et al. 
1995). Quantitative gene analysis (ttNA) has 
Ix-en used to determine the gemuiiti quantity of a 
particular gene, as in the ease or the human HKR2 
gene, which Is amplified in -30% of breast tu- 
mors (Slamon et al. 1987). Gene and genome 
quantitation (DN A and RNA) also have been used 
for analysis of human inuniinodcficiency virus 
(ilJV) buTdun demonst rating changes in the lev- 
eis of virus throughout the different phases of the 
disease (Connor et al. 1993; Platak et al, jw:«b; 
lurtado et at. 1995). 

Many methods have been described for the 
quantitative analysis ot nucleic acid sequences 
(both for RNA and DNA; Southern Sharp et 
al. 198a; Thomas 19«0). Recently, PCR has 
proven to be a powerful tool for quantitative 
nucleic acid analysis. PCR and reverse transcrip- 
tase (KT)-PCR have permitted the analysis of 
minimal starting quantities of nucleic acid (as 
little as one cell equivalent). This has made }>os- 
slhle many experiments that could not have been 
performed with traditional methods. Although 
PCR has provided a i*>wcfful tool, it is imperative 
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that it be used properly for quantitation (U»«y- 
maekm 1995). Many early reports of quantita- 
tive PCR and RT-PCR described quantitation of 
the PCR product but did not measure the Initial 
target sequence quantity. It is essentia) to design 
proper controls for the quantitation of the initial 
target sequences (Pcrre 1992; Uumontl et al. 

Kwfchrchcxs have, developed several methods 
of quantitative PCR and RT-PCR. One approach 
measures PCR product quantity in the log phase 
of the reaction before the plateau (Kellogg el al. 
1990; Pang ct a). 1990). This method requires 
that each sample has equal input amounts of 
nucleic arid and that each sample under analysis 
amplifies with identical efficiency up to the. point 
of quantitative analysis. A gene sequence (con- 
tained in all samples at relatively constant quan- 
tity such as p-actln) cum be us«d for sample 
amplification efficiency normalization. Using 
conventional methods of PCR detection and 
quantitation (gel electrophoresis ot plate capture 
hybridization), it is extremely laborious to assure 
that all samples are analyzed during the log phase 
of the reaction (for both the target gene and the 
normalization gene). Another method, quantita- 
tive competitive (QC) *PCR, has been developed 
and is used widely for PCR quantitation. QC-i'CR 
relics 071 the inclusion of an internal control 
competitor in each reaction (Becker-Andre 1991; 
Platak cl al. 1993* # 1>). TH« efficiency of each re- 
action is normalized to the Internal competitor. 
a vimwn amount of Internal competitor can be 
annrM 7nc« no/ «*« wj «c : !>T 7nn7 /cn /7T 
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added to each sample. To obtain relative quanU 
tatlon, the unknown target PCtt product is com- 
pared with the known competitor KIK product. 
.Success ufa quantitative competitive I'CU assay 
relies on aevcioping an Internal control lhal am- 
plifies with the same efficiency as the luigvl mol- 
ecule. The design of the compethoi and the vali- 
dation of amplification efficiencies jcqulrc a 
dedicated effort. However, because QCZ-PCU does 
not require that HC'U pioUucts be analyzed during 
the log phase of tins amplification, it is tin: easier 
of the two methods to use. 

Several detection systems uic used for quan 
Utative 1*CR and RT-PCtt analysis; (1) agarose 
gels, (2) fluorescent labeling of PGR products mid 
detection with laattT-induced fluorescence using 
capillary electrophoresis (hasco et al. 1995; Wil- 
liams ct al. 1996) or acrylaiulde gels, and (3) pjaic 
capture and sandwich probe hybrid I km lion (Mul- 
der el al. 1994). Although these methods proved 
successful, each method requires posl-PCR ma- 
nipulations that add Thins to the analysis ajid 
may lead to hibu'akny i nnlrtiiiination. The 
sample throughput uf these jiicIIkkI* is limited 
(wilh I he exception of the plate capture ap- 
proach), and, therefore., these methods ore* not 
well suited fin use* demanding high sample 
Throughput (I.e., screening of large numbers of 

blnmwtecuUrs oi an«ity>ilng samples fox didgilua- 
lies or clinical trials). 

Here we report the: development of a novel 
assay for quantitative DNA analysis. The assay is 
based on lh* use. of the .V nuclease assay first 
described by Holland et al. (1991). The method 
uses the -V nuclease activity of 7Yi</ polymerase to 
cleave a noncxtcndlble. hybridist ion probe dur- 
ing the extension phase of I'CU- Trie approach 
uses dual-labeled fluorogenic hybridisation 
probes (Lee et al. 1993; dossier et al. 1995; hlvok 
ct al, 1995a,b). One fluorescent dye serves as a 
reporter jFAM (i.e., G-carboxyfluorcscem)| nnd its 
emission spectra is quenched by the second fluo- 
rescent dye, TAMRA (I. ft., o-carboxy-t etra methyl - 
rhodarrtinc). The nuclease degradation of the hy- 
brldl/atlon probe releases the quenching of Ihe 
I'AM fluorescent emission, resulting hi an In- 
crease to pea,k fluorescent emission at SJtt nm, 
The use of a sequence detector (AUI i'rism) allows 
measurement of fluorescent <q>cclra of all 96 wells 
of the thermal cyclcc continuously during the 
iX'JR amplification. Therefore, the luucliuus aje 
moiiltoreU in real time. The output data is de- 
scribed and quantitative analysis of input Uigct 
DNA sequences 15 discussed below. 



RESULTS 



PCR Produce Detection in R«<»I Time 

The goal wax to develop a high-throughput, sen- 
sitive, and accurate gene quantitation assay for 
use In monitoring lipid mediated therapeutic 
gene delivery. A pi asm Id encoding human factor 
Vlll gene .sequence, pI«8TM (sec Methods), was 
used as a model iheraj>eutie K« mi - The assay usr« 
fluorescent Taqman methodology and an instru- 
ment capable of imwuring fluorescence in real 
time (AUI Prism 7700 Sequence Detector). Ilu! 
Taqman reaction requires » hybridization pmhr 
lal>eled with two different fluorescent dyes. One 
dye Is a reporter dy« (J'AM>, the other is X quench- 
ing dye (TAMRA). When the prut hi is intact, Ado- 
lescent energy transfer occurs and the reporter 
dye fluorescent emission is absorbed by the 
quenching dye (TAKfRA). During the extension 
phase of the PCK cycle, the fluorescent hybrid- 
l/willor. probe 1% cleaved by the 5'-3' nucleolytic 
octivity of the DNA polymerase. On cleavage of 
the probe, the reporter dye emission is no longer 
transferred efficiently to the quenching dye, re 
sultinK In an Increase of the reporter dye fluores- 
cent cmuuioii **p*ctro. VCR primers and probes 
were dest^jiied foi (he human factor V11J se- 
quence and human p-actln gene (as described in 
Mctht*ds). Optimization reactions were per- 
formed to choose the appropriate probe and 
mngneskim concentrations yielding Ihe higln^t 
Intensity of rej^oncr Huoresecnt signal without 
sacrificing specificity. The Instrumenl uses a 
chaiKe-couplcd device (i.e., CCD camera) for 
measuring the fluorescent emission apectni from 
S0O Ut r»$0 nm, Kach VCAX tube was monitored 
sequentially for 25 msec whh continuous moni- 
toring throughout the amplification. Each tube 
wo.i rr.-examlncd every B.5 sec. Conmuter sofl- 
ware, was designed to examine the fluorescent In- 
tensity of both the reporter dye (PAM).and 
the quenching dye (TAMRA). The lluorcsccnt 
intensity of the quenching dye, TAMUA, changes 
very Utile over the course of the PCR amplifi- 
cation (data not shown). Therefore, the Intensity 
of TAMUA dye emission serves as an internal 
standard witlt which to norrnuUyxi the reporter 
dye (l ; Alvi) emission variations. The software cal- 
culates u value termed AKn (or AftQ) using the 
following equation: oRn-(Un J ) (Ihi*") ( where 
Hn 4 . emission intensity %>t reporter/emission In- 
tensity of quencher at any given time In o reae 
don tube, and Ru -emission intensilily of re- 
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poncr/Cml4BlC!n lmvx»ily t*f quencher measured 
prior to rCK amplilication in lhat same Taction 
tube. For the purpose of quantitation, the \*si 
three data points (ARns) collected during the ex- 
tension step for each PCK cycle were analysed. 
The nticleolyiic degradation of the liyurHli**iioiv 
probe occurs during ihc extension phase of I'lai* 
and, thifrt'foro, reporter fluorescent uiusMun In- 
creases during this lime. Hie Uiicu dawi point* 
were averaged for each KJK cycle and the menu 
value for each was plotted in an "amplification 
plot" shown In J'i«urc 1 A. The iUto mean value is 
plotted on the paxis, and time, represented by 
cycle number, is plotted on the.x-«xis. During the 
«arly cycle* of the PClt amplification, the ARn 



value remains at bas* lino When .sufficient' hy- 
bridization probe has been cleaved by Uje Tmj 
jx>lymeru*c nu*1*a*C Activity, the mteiisily of re- 
porter fluorcsccm emission ineretttict.. Most 1>0U 
uinplifivMjons reach ii p^t^au phone of reporter 
fluorescein emission If the reaction Is carried oul 
lo high cycle uuiiiK-in. The amplified ion plot \'J 
examined vaiiy in Um reaction, ut 3 point lhai 
■cprcsents 1 he I Off phflVe of produd arrmnula* 
lion. This Js done by assigning an arbiUuiy 
threshold tiiui is bused on the variability of the 
base-line dula. fn Figure. 1 A, the threshold whs set 
ai 10 standard deviations above the mean of 
base line emission calculated front uydca 1 lo 1 fv 
Once the threshold is chosen, the point at which 
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Figure 1 PCR product detection in real time (A) The Model 7700 Mjtlware will «rw'™<* amplificat^o plot* 
from the extension phase fluorescent emission data collected during the PCR amplification. The standard de- 
viation is determined from the data points collected from the base line of the «fnpf£j°" Pj- J£ 
calculated by determining the point at which the fluorescence exceeds a threshold limit (usually 10 times me 
Sara delation of the base line). (8) Overlay of amplification P .ols of serially (1 :2) dll ^ed human genomic 
DNA samples amplified with fJ-actin primers. (Q Input DNA concentration of «J»J*»J*J P'Oj^^.^ 1 
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the amplification plot croisco iho thrcaholdivcte 
fined as G,. C r is reported a* Iho cycle number a\ 
this point. Ar will be demonstrated, the CI, .valor 
I ^ jj i edit. Live of the. quantity of input target. 

C|. Values Provide a Quantitative Measurement, o*' 
Input Targer Sequences 

Figure 1R shows amplification plots of 1 £»<ch¥fci-- 

ent PCR amplifications overlaid. The amplica- 
tions were performed on a 1:2 serial dlhitkw •(£ 
human genomic 1WA. The amplified tarfi'ci v*:u 
human (J actln. The amplification plot* Khifl to 
the right (to higher threshold cycles) as the input 
target quantity is reduced. 4 lhu is expected ho« 
rcniKU reaction*; with fewer starting eopins of tile 
target molecule require greater amplification to 
degrade enough probe to attain lite Threshold 
fluorescence. An arbitrary threshold of JO stan- 
dard deviations above the base line was used to 
detenniuc the Cl r valuer. Figure 1C represents the 
C T values plotted versus the sample dilution 
value, Each dilution was amplified in triplicate 
PCR amplifications and plotted as mean values 
with error bars representing one standard devia- 
tion. The C T values decrease linearly with increas- 
ing target quantity* Thus, C r values can be used 
as a quantitative measurement of the input target 
number. It should be noted that the amplifica- 
tion plot for the IS.frng sample shown In Figure 
IB does not reflect the some fluorescent rate of 
increase exhibited by most of the other samples. 
The 15.6-ng sample also achieves Midpoint pla- 
teau at a lower fluorescent vaiuc than would he 
expected based on the input PNA. mis phenom- 
enon has been- observed, occasionally with other 
samples (data not shown) and may be attribut- 
able to lute cycle inhibition; this hypothesis is 
still under investigation. It is important to note 
that the flattened slope and early plateau do not 
impact significantly the calculated C, value as 
demonstrated by the fit on ihe line shown in 
Figure. 1 C All triplicate amplifications resulted in 
very similar Cr values— the standard deviation 
did not exceed 0.5 for any dilution. This experi- 
ment contains a > 1 00,000-fold range of input tar- 
get molecules. Using C v values for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission intensity /or 
quantitation. The linear range. ol lluorcsccnl in- 
tensity measurement of the AIM i'rlam 7700 Sc- 
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merits over n very large rang<» of relative starilnp, 
target quantities. 

Sample Preparation Validation 

Several parameters influence the efficiency nf 
PCR amplification; magnesium and salt concen- 
trations, reaction conditions (i.e., time and tem- 
perature), PCK target size and composition, 
primer sequences, and sample puriTy. All of the 
above (acton are common to a single Villi assay, 
except sample to sample purity, in an effort to 
validate the. method of sample preparation for 
theiactor Vili assay, J'CR amplification reprodnt. 
fbility and piflciency ol JO replicate sample 
predictions were examined. After genomic DNA 
was prepared from the TO replicate samples, the 
DNA was quant hated by ultraviolet spectroscopy. 
Amplifications were performed analyzing p-aciin 
gum: content in 100 and 2S nj; of total genomic 
DNA. Each I'CR amplification was performed in 
triplicate. Comparison of C r values for each trip, 
licate sample show minimal variation based on 
standard deviation and coefficient of variance 
(Table 1). Therefore, each ol the triplicate PCR 
amplifications was highly reproducible, demon- 
strating that real time PCR using this instrumen- 
tation introduces minimal variation into the 
quantitative. J'CR analysis. Comparison of the 
mean C n value? of the JO replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded similar 
results for ft-aclln.gcnc quantity. The highest Cy 
difference between any of the samples was 0,S5 
and 0.73 for the 100 and 25 ng samples, respec- 
tively. Additionally, the amplification of each 
sample exhibited an equivalent rate of fluorcv 
cent emission intensity change per amount of 
DNA target analyzed as indicated by similar 
slopes derived from Ihe sample dilutions (Pig. 2). 
Any sample containing an excess of a PCX inhibi- 
tor would exhibit a greater measured 3-aciln. G r 
value for a given quantity of DNA. In addition, 
the inhibitor would be diluted along with Ihe. 
sample in the dilution analysis (lifl, Z) t altering 
the expected C,. value change. Each sample am- 
plification yielded a similar result in the analysis, 
demonstrating that this method of sample prepa- 
ration is highly reproducible wdh regard to 
sample purity. 

Ouantitadve Analysis of a Plasmid Afier 

7nc« no/ WJ «c:frT 7nn7/cn/7T 
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Tablo 1. Reproducibility of S«mpl« Preparation Method 



100 ng 



Sample 

no. C T 



standard 
mean deviation 



CV 



1 18.24 
18.23 

13.27 0.06 

2 18.33 
18.35 

1M4 lft.V 0,06 

3 1B.3 
U.3 

1iM2 18.34 0.07 

4 18.15 
18.23 

ia.32 18.23 O.OS 

5 18.4. 
18.38 

18.46 1B.42 0.04 

6 18.54 
18.67 

19 18.74 0,24 

7 18.2B 
18.36 

18.52 18.39 0.12 

8 18.45 
1B.7 

18.73 18.63 0.16 

9 18.18 
18,34 

18.36 18.29 0.1 
10 18.42 
18.57 

18.66 18.55 0.12 
Mean (1 10) 18.12 0.17 



0.32 

037 

0.36 

0.46 

0.23 

1.26 

0.66 

0.83 

0,.*5 

0.65 
0,90 



20.48 

20.55 

20,5 

20.61 

20.59 

70.41 

20,54 

20.6 

20,49 

20.48 

20.44 

20.38 

20.68 

20.87 

20,63 

21.09 

21,04 

21.04 

20.67 

20.73 

20.65 

20.98 

20.84 

20.75 

20.46 

20.54 

20.48 

20.79 

20.78 

20.62 



25 ng 



standard 
mean deviation 



20.51 



20.43 



20.68 



20.73 
20.66 



0.03 
0.11 



20.54 0.06 



0.05 



20.73 0.13 



21.06 0.03 



0.04 



20.86 0.12 



20.51 0.07 



0.1 
0.19 



cv 

0.17 

0.54 

0,28 

0.26 

0.61 

0.15 

0.2 

0.57 

0.32 

0.16 
0.94 



(or containing a partial cUNA for human factor 
VMVpl-oTM. A series of transfccliom was set 
up using a decreasing amount of the plasinid v (40, 
4, 0.5, and 0.1 ng). Twrnily-roor hours po.U- 
trai infection, total DNA purified from each 
flask of orlia. p-Aclin gene tjuttullty wa* chusej i as 
a value for normal !>-.£( ion of ^.nuiitic. ONA con- 
centration from each sample. In litis cxueiimuitt, 
p-actin gene content should remain constant 
relative to total genomic DNA, Figure 3 shows llje 
result of (he p-actln DNA measurement (100 ng 
total DNA determined by ultraviolet spectros- 
copy) Ot each sample. Kach sample was analyzed 
in triplicate and the mean p-actin Or values of 
the triplicates were plotted (error bars represent 
«*«»~i#Ui.n rtMvbi»nni *1 h*» htPh#»sr iiiffrrrnrr 



Uvtwitan any two sample m QUI 15 was 0.9S C,- Ten 
nanograms of total DNA of each sample were also 
examined for p-actln. Ihe results again showed 
that very similar amounts of genomic J>NA were 
present; the. maximum mean p actiij <"-', value 
difference wa.s 1 .0. A3 l'igurc 3 shows, the rate of 
fiactln C v diUfiKv between the 100 and 10-ng 
sample* was similar (slope values rangw hutwoon 
3,56 and - -3.45). This verifies again that the 
method of sample preparation yields samples of 
identical PCR integrity (i.e., no sample contained 
an excessive amount uf a PCR inhibitor). How- 
ever, these results indicate that each sample con 
tatned slight differences in the actual amount of 
genomic DNA analysed. Determination of actual 
liuiiomic ONA concentration was accomplished 
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Figure 2 Son iple pf eparauon purity. 1 he replicate 
camples ihown In Table 1 wore also amplified in 
tripicate using 25 of each DMA iamplc. The fig* 
ui* shows die input DNA concentration (100 and 
25 ng) vs. C, In ih#» 1io»««\ ihe 100 and 75 ng 
poitUS for each iample are connected by a line. 



by plotting the mean £-actin O, value obtained 
for each 100ng sample on a p-actln standard 
uuive (shown In JHg- 40>. The actual genomic 
DNA concentration of each sumplc, was ob 
talncd by extrapolation to tliu X-axis, 

Figure 4 A shows the measured (f.it. f mm. 
normalised) quantities of factor VJJJ plnaimd 
DNA (pFSTM) from each of the four transient cell 
tni "^factions. Hach reaction contained 100 ng of 
total sample UNA (as determined by UV spectro* 
copy). Ivach sample was analyzed in triplicate 



25- 
B 23 



21 



20 



y- 27,73 v <Utfrl<- 1 
y - aa,7r ♦ -S.S8K W» 1 
f w».2S*»3.S*« *• 1 



0.B 




1.2 



1.4 t-8 1.8 
I09 (ng Input ONA) 

Figure $ Analysis of Inansfectcd crJI DNA quantity 
and purity, the DNA preparations of the- four 293 
cell transactions (40, 4, 0.5, and 0.1 u.n of pF8TM) 
were analysed for the P-actln gene. 100 and 10 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate. For each 
amount of pf 8TM thai was transferred, the 0-actln 
C T values are plotted versus the total Input DNA 



VCU amplification*. As shown, p!'8TM purified 
>fune Jbc 293 cells decreases (mean C, values in- 
CUKt*6; with decreasing amounts of pi asm id 
itruitsh'Ucd. Tina mean C 4 values obtained for 
prWM -inTigufC 4A were plotted on a standard- 
curve comprised uf »vila11y diluted pKHTM, 
shown .in figure 4ft. The quanlily ul plflXM, b, 
found in each of the four transections was de- 
tcrmined by extrapolation to the * axis of tho 
standard curve In l^ure 4B, Thctsc uncorrected 
values, b, for pVHTM were nor mailed to del er- 
mine Uie actual amount of p]*81M found per 100 
ng of genomic DNA by using ihc equation:. 



/> x 10 0 ng 
(t 



actual pFBTM copies per 
100 ng of genomic DNA 



where a •- actual genomic DNA in u .sample and 
U pFBTM copies from the standard curve, The 
normalised quantity of pl'BTM per 100 ng of ge- 
nomic ONA for each of the four iranafcctlona Is 
snown in Figure 'ilie.se rc-aull* .show mat the 
quantity of factor Vlll ptasmid associated wuh 
the 293 cells, 21 hr after irojusfvc.ii<«i. Oia-iease* 
with decreasing pJwsnmJ ujiH.tiiHiatiou used In 
the transection. Tlic quantity of pl'ttTM associ- 
ated with. 293 cells, after trunsfealon with 40 n£ 
of plaumiid, was 35 pgper 100 ng genomic UNA. 
Tills results in -520 plasinid copies per cell. 



DISCUSSION 

Wo have described a new method for quantis- 
ing gene copy numbers using rcaMlmc analysis 
of PCR amplifications. Real-time FOK is compat- 
ible with cither of the two FCK (KT-PCR) ap- 
proaches: (1) quantitative competitive where an 
Internal competitor for each target sequence is 
used for norrnalteatlon (data not shown) or (2) 
qua 1 1 titailve comparative PCH uslny a noiiiializa- 
tjon gene contained within the sample (i.e., (3-ac- 
tin) or a "housKkettping' 1 gene, for RT-PCK. 
equal amounts of nucleic acid are analyzed for 
each sample and if the amplification efficiency 
before quantitative anaiysb i> identical for each 
sample, the tnrvrual cujjIujI (nurmiilimllou geiK* 
or competing) should give equal signals for all 
samples. 

The real-time PCU metho<l offers several ad- 
vantages over the other two methods currently 
employed (sec the Introduction). Mrsl, the real- 
time PCR method is perfonncd in a dosed-tubc 
system and requires no post-PCR manipulation 
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Figure A Quantitative analytic of pF&TM in transfccied cell*. <M) Amount of 
plasmid DNA used for the trunsfection plotted against the mean C, value deter- 
"vwt f ° r .P r8TM rcmalnln U *4 br alter transection. <0,C) Standard curve* of 
pf-RlM and £-acu*n, respectively, pf 8TM DNA <J) and genomic DNA (Q were 
diluted AAfblly 1 :5» before amplification with the ^appropriate primer*. Trie f*-actin 
standard curve w«* used to normalise the results of A to 1 00 rig of genomic DNA. 
(D) The amount of pPSTM present p«:r 100 ng of genomic DNA. 



of sample. Therefore, |hi< potent »«) for TCR con- 
(amlnatiou in the laboratory is reduced because 
amplified products can Uv. analyzed and disposed 
of without opening the reaction tubes. Second, 
this method suppoiU the umi of a norm illicit ion 
Kcnc (i.e., p-actin) for quantitative PCR or house- 
keeping genes for quantitative RT-l'Ck controls. 
Analysis is performed in real time during the Jog 
phase of product accumulation. Analysis during 
Kik phase permits many different genes (over a 
wide input target range) to be analysed simulta- 
neously, without concern of reaching reaction 
plateau at different cycles, This will make uiuhl- 
#cne analysis assays much casisi to develop, be- 
cause individual interna} ufinpeiliui* will nut be 
necded for coch gene under analysis. Third, 
sample throughput will im.icasc dramatically 
with the new method because there is no post- 
rCK processing, time. Additionally, winking In a 
°6-we,ll format h highly compatible with auto- 
iuation technology. 

The real-time PCR iticlbod is highly repm. 
ducible. Replicate, amplifications can be analyzed 



for each sample minimizing jKMential error. The. 
system allows i\>t a very large assay dynamic 
range (approaching l,ooo,0<X)-fold starting Ui- 
gel), Uaiiig a standard eurve for the target oi in* 
teresl, relative copy number values can be deter- 
mined for any unknown sample. Fluorescent 
threshold values, C r> coi leJutr. linearly with rela- 
tive DNA copy numbers. Heal time quantitative 
H'M'CJH methodology (Gibson et ah, this Issufc) 
has also been developed, finally, real time quan- 
titative T'Cll methodology can be used to develop 
high-throughput screening assays for o variety of 
applications [quantitative gene capjeaaiuit (RT- 
rCR), ftcne copy assays (Ucr2, HIV, etc.), geno- 
typing (knockout mouse analysis), and imniuno- 

ronj. • ■ 

Real-time POU may al.to \rc j>crformcd using 
intercalating dye* (Higuchi el ul. 1W,J such ws 
efJvidium bromide. The fluorogenic probe 
method offers a mafor advantage over inter- 
calating dyes- -greater specificity (i.e., primer 
dimers and nonspecific PCft producls are not de- 
tected). 
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METHODS 

Generation uf a Plasmld Containing a Purtiol 
cDNA for Human Factor Ylll 

Tot<*l RNA w<t> harveMcd (UNA*nl » <™«i '1*1 Tew, inc., 
J-nendswood, T>t) from cell> li*it*fccted with a factor VI U 
expression vector, pClSZ.Uc2$U (Katun el III- 1VKG; Cor* 
roan ci al. 1990), A factor VIII partial cDNA wpirncv WAS 
nrtxvmicd by HT PC:lt |< lone Amp |C. CTlh ItNA ITJl Xll 

(pan NttOK-or/9, rtApplmJ liiosy«cm,s Postei City, C^)J 

using the Win primers FHfor mid Ifflwy (priim*r ju*queiicc* 
are shown below), TIM* ampllcon was reamp lifted uslnf; 
modified i'Bfor and l*rcv primers lapjx'iuU'd with hutttll} 
and HwdUl restriction sire, sequences »t the V end) and 
Clonal Into piiKM- 3Z (FfOfucga CUvp. ( Madison, WI). The 
resulting clone, pPSTM, was used lor transient transection 
of £93 cell*. 



Amplification of Target DNA and Dulccilon of 
Amplicpn Factor VIII Wasmid DNA 

(pWJTM) was <unpHfu%l with ilic p* Inter* Wtfor S'-CX.CI- 
Cn'CKX^AUAUlTJAtXilCiTC-a' and Wrcv .V-AAACCH*- 
t^CCXrrOGATOOTACSCi-aMlic rvrivtluu pioduved « '122- 
np i'C:x product. The forward primer was denned lu uv 
oynt/.e u unique M'ipiemc nmud In the 5' uniramlAted 
region of On; pmenl pC132,tkZ3i> pldMfiUI <ind therefore 
ilovs nut jvwihnUi: and amplify ihc human factor VMI 
gene* I*rimnr* woro chosen will the awririaitrr* of ih* com. 
pulcr program Olifio 1«W (National Uiuseionccs, lnc,# Ply- 
mouth, MN). The human p-actln g*mc was Amplified with 
lUc primers p-rutiti forward primer 45 1 •TCACCOACAtrrtrr 
GCCCATCTI'ACX'.'A^V and £ -act in reverse p»imcr .V.< :AC 
C0CAACCX;criX:Ari"CiC:c.AAJ , GG-3'. The reaction pro- 
duced .i 2V5*hp t»c:k product. 

Ampllflcatlon reactions (SO pJ) coin nil toil a DNA 
sample, )0x \K'M MufTitr 11 (a 200 dATP, dCTl\ 
dGTP, and 400 p,M rfUTP, 4 mM MgCI 7 , 1.3W Units Ampll 
r<uj r;NA poiymciasc, 0,5 unit Ampftwc uracil /V-fjiy- 
t:o*ylu»v <UNG), £0 pmolcof each foetoi Vlll jtrlinei, tmd 15 
pinole <*( umc.Ii |< *ctln pilmcr. 'Uto icactlui^ aU<» t.tmlolncd 
one of the following (Irfertlrm pmlK* (hmj nw curh): 
j'Hjirobc A'(i'AM)Ac:crj , cri , c:cu(:crr<:cnn , (rriT<:rt3T. 

GCCTT(TAMRA)p 3' «uti p-m-tin proU- S f <FAM)ATGCX:C- 
XCJ a AMKA)CCCCCATCC:CATC:p-.1 < where p indicates 
pho^phorylatiAii nnd X Indicates a linker arm nucleotide. 
Rene Hon \\i\n.*» wrn.« Mi«ut»Amp Optical Tubes (part AUrtl- 
U'rNkOI 09 XZ, Pcrkln Uluu-i) tliai wore fratti^l («t IVrWn 
nimcr) (o pawnl lighl from red cell Tube cap* were 
similar to MicroAmp tinpa l>ul specially dc.iiftncd to pre- 
vent ll^ht seMttcrtng.-All <il 1 1 iKJtt ^MiMufiuilvU>* wcry *u>w 
l*llv;d hy PK AppllcU lUosyrtema () ! <>*tor C.Uy, CX) except 
the factor VIU pdtuera, which wnc syrulicslwd al Cenvn 
lech, Inc. (South f»yn Prancisco, CA). Prohov won* do.slym.Kl 
using tlic Oligr.i 4.0 software, f<»lk»wlr<K guUtvlliicfS 

jjCMeo in tnc Model 7700 .Sequence IHwior liiatiuuicfil 
maiiual. Itrlcny, probe T„ Humid he ai least £ U C hlfthcr 
inatt tlir Hfuicalliix lwii|Aiatu«: u.icd dtirlnj; Utrrmul cy- 
rhtig; primers should not fuim sUUW duplexed with Ihc 
prone. 

The thcTino) cycling cuiiditlotVN Inetuded 2 mUi at 
Si) v C and 10 min at 95*C. 'Ilicarmal cycling procee<led with 



reactions were performed in the Model 7700, Sequence IV- 
Icnior Apphed UlusyvUmiv), u»hlfh coiitalus * Geoe. 
Amp l»<":U System P<»O0. kfca<:llon etmditioi«« wiTf pro. 
grutiiutcU ui» *i l'i»w<rr Macitil«»h '/100 (Apple C>.impnt Or, 
Soma Uaru f t^\) linked directly to the Model WOO ft*- 
cjucucv IXilector* An»lyyt» of data w»« alw.i p<«n'/»rm/«d on 
the Mm-lntr»sh eompvitcr. fV^llortUm and xnalyriK tofiw/wfe 
wa» develo|wl at \*V. Applleil WcKyntums, 



Tramfection of Cells with Factor VIII CoiutruU 

JVmr T17.S flasks of 293 cells (ATOC GK1. 1573), a human 
fetol kidney si^pention cell line, were nniwn to 80% con- 
llueney and tranifceted plWM Cells wero grown In the 
following media; 50% HAM'S ¥\2 without GUT, 50% low 
glucose IXUhcwn's imidlflrd Kaxlc mcclium (DMIiM) wlUi« 
otn glyattu wiUi sodJum bicarbonate, 10% letal tHJvme 
serum, 2 him l-kIuUuiiiw, and 1% penkillin-strcptomy- 
vln. The. media was vJianfjcd 30 rnlo Mi»«» the Iransfcc 
lion, pPUTM DNA amounts of 40, 4, OS, and 0.1 j*« were 
iiUitircl to l.h ml of a solution containing 0,12a m CU»C1 7 - 
and 1 x MUCUS. The four mixtures were left at room lwn« 
pcjrvnjw Ut% lO mln and then iitUknt dnipwtfte to tl»e cells. 
Tire n»>K> wvi»-hn.uUilcd at 37°C and $M> CO. f«r 24 hr, 
washed with PltS* and riuu*pcndcd in PllS. T)U\ rentiM 
pcndi^l cclla were divided into nlitpiohi und DMA wad ^v- 
tnutted Immediately uiinR IheQSAamp KlraalKil (Qiapon. 
Cl)atam>rtl), CA), l>NA wji.s e.lut<-d Into 200 ol 30 n«v^ 
Trla-IICl utpllH.0, 
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ABSTRACT Wnt family members are critical to many 
developmental processes, and components of the Wnt signal- 
ing pathway have been linked to tumorigenesis in familial and 
sporadic colon carcinomas. Here we report the identification 
of two genes, WISP-1 and WISP-2, that are up-regulated in the 
mouse mammary epithelial cell line C57MG transformed by 
Wnt-1, but not by Wnt-4. Together with a third related gene, 
WISPS, these proteins define a subfamily of the connective 
tissue growth factor family. Two distinct systems demon- 
strated WISP induction to be associated with the expression of 
Wnt-1. These included (i) C57MG cells infected with a Wnt-1 
retroviral vector or expressing Wnt-1 under the control of a 
tetracylihe re press ible promoter, and (u) Wht-1 transgenic 
mice. The WISP-1 gene was localized to human chromosome 
8q24.1-8q24.3. WISP-1 genomic DNA was amplified in colon 
cancer cell lines and in human colon tumors and its RNA 
overexpressed (2- to > 30-fold) in 84% of the tumors examined 
compared with patient-matched normal mucosa. WISPS 
mapped to chromosome 6q22-6q23 and also was overex- 
pressed (4- to > 40-fold) in 63% of the colon tumors analyzed. 
In contrast, WISP -2 mapped to human chromosome 20ql2- 
20ql3 and its DNA was amplified, but RNA expression was 
reduced (2- to > 30-fold) in 79% of the tumors. These results 
suggest that the WISP genes may be downstream of Wnt-1 
signaling and that aberrant levels of WISP expression in colon 
cancer may play a role in colon tumorigenesis. 

Wnt-1 is a member of an expanding family of cysteine-rich, 
glycosylated signaling proteins that mediate diverse develop- 
mental processes such as the control of cell proliferation, 
adhesion, cell polarity, and the establishment of cell fates (1, 
2). Wnt-1 originally was identified as an oncogene activated by 
the insertion of mouse mammary tumor virus in virus-induced 
mammary adenocarcinomas (3, 4). Although Wnt-1 is not 
expressed in the normal mammary gland, expression of Wnt-1 
in transgenic mice causes mammary tumors (5). 

In mammalian cells, Wnt family members initiate signaling 
by binding to the seven-transmembrane spanning Frizzled 
receptors and recruiting the cytoplasmic. protein Dishevelled 
(Dsh) to the cell membrane (1, 2, 6). Dsn then inhibits the 
kinase activity of the normally constitu lively active glycogen 
synthase kinase-3/3 (GSK-3/3) resulting in an increase in 
/3-catenin levels. Stabilized jS-catenin interacts with the tran- 
scription factor TCF/Lefl, forming a complex that appears in 
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the nucleus and binds TCF/Lefl target DNA elements to 
activate transcription (7, 8). Other experiments suggest that 
the adenomatous polyposis coli (APC) tumor suppressor gene 
also plays an important role in Wnt signaling by regulating 
/3-catenin levels (9). APC is phosphorylated by GSK-3/3, binds 
to 0-catenin, and facilitates its degradation. Mutations in 
either APC or /3-catenin have been associated with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development of these types of cancer, implicating 
the Wnt pathway in tumorigenesis (1). 

Although much has been learned about the Wnt signaling 
pathway over the past several years, only a few of the tran- 
scriptionally activated downstream components activated by 
Wnt have been characterized. Those that have been described 
cannot account for all of the diverse functions attributed to 
Wnt signaling. Among the candidate Wnt target genes are 
those encoding the nodal-related 3 gene, Xnr3 y a member of 
the transforming growth factor (TGF)-/3 superfamily, and the 
homeobox genes, engrailed, goosecoid, twin (Xtwn), and siamois 
(2). A recent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (10). 

To identify additional downstream genes in the Wnt signal- 
ing pathway that are relevant to the transformed cell pheno- 
type, we used a PCR-based cDNA subtraction strategy, sup- 
pression subtractive hybridization (SSH) (11), using RNA 
isolated from C57MG mouse mammary epithelial cells and 
C57MG cells stably transformed by a Wnt-1 retrovirus. Over- 
expression of Wnt-1 in this cell line is sufficient to induce a 
partially transformed phenotype, characterized by elongated 
and refractile cells that lose contact inhibition and form a 
multilayered array (12, 13). We reasoned that genes differen- 
tially expressed between these two cell lines might contribute 
to the transformed phenotype. 

In this paper, we describe the cloning and characterization 
of two genes up-regulated in Wnt-1 transformed cells, WISP-1 
and WISP-2, and a third related gene, WISPS. The WISP genes 
are members of the CCN family of growth factors, which 
includes connective tissue growth factor (CTGF), Cyr61, and 
nov, a family not previously linked to Wnt signaling. 

MATERIALS AND METHODS 

SSH. SSH was performed by using the PCR-Select cDNA 
. Subtraction Kit (CLONTECH). Tester double-stranded 

Abbreviations: TGF, transforming growth factor; CTGF, connective 
tissue growth factor; SSH, suppression subtractive hybridization; 
VWC, von Willebrand factor type C module. 
Data deposition: The sequences reported in this paper have been 
deposited in the Genbank database (accession nos. AF100777, 
AF100778, AF100779, AF100780, and AF100781). 
tTo whom reprint requests should be addressed, e-mail: diane@gene. 
com. 
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cDNA was synthesized from 2 u.g of po!y(A) + RNA isolated 
from the C57MG/WnM cell line and driver cDNA from 2 \xg 
of poly(A) + RNA from the parent C57MG cells. The sub- 
tracted cDNA library was subcloned into a pGEM-T vector for 
further analysis. 

cDNA Library Screening. Clones encoding full-length 
mouse WISP-l were isolated by screening a AgtlO mouse 
embryo cDNA library (CLONTECH) with a 70-bp probe from 
the original partial clone 568 sequence corresponding to amino 
acids 128-169. Clones encoding full-length human WISP-l 
were isolated by screening AgtlO lung and fetal kidney cDNA 
libraries with the same probe at low stringency. Clones en- 
coding full-length mouse and human WISP-2 were isolated by 
screening a C57MG/Wnt-1 or human fetal lung cDNA library 
with a probe corresponding to nucleotides 1463-1512. Full- 
length cDNAs encoding WISP-3 were cloned from human 
bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PCR amplification of 
first-strand cDNA was performed with human Multiple Tissue 
cDNA panels (CLONTECH) and 300 jiM of each dNTP at 
94°C for 1 sec, 62°C for 30 sec, 72°C for 1 min, for 22-32 cycles. 
WISP and glyceraldehyde-3-phosphate dehydrogenase primer 
sequences are available on request. 

In Situ Hybridization. 33 P-labeled sense and antisense ribo- 
probes were transcribed from an 897-bp PCR product corre- 
sponding to nucleotides 601-1440 of mouse WISP-l or a 
294-bp PCR product corresponding to nucleotides 82-375 of 
mouse WISP-2. All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each 
hybrid in the Stanford G3 and Genebridge4 Radiation Hybrid 
Panels (Research Genetics, Huntsville, AL) and human and 
hamster control DNAs were PCR-amplified, and the results 
were submitted to the Stanford or Massachusetts Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue speci- 
mens were obtained from the Department of Pathology (Uni- 
versity of Pittsburgh) for patients undergoing colon resection 
and from the University of Leeds, United Kingdom. Genomic 
DNA was isolated (Qiagen) from the pooled blood of 10 
normal human donors, surgical specimens, and the following 
ATCC human cell lines: SW480, COLO 320DM, HT-29, 
WiDr, and SW403 (colon adenocarcinomas), SW620 (lymph 
node metastasis, colon adenocarcinoma), HCT 116 (colon 
carcinoma), SK-CO-1 (colon adenocarcinoma, ascites), and 
HM7 (a variant of ATCC colon adenocarcinoma cell line LS 
174T). DNA concentration was determined by using Hoechst 
dye 33258 intercalation f luorimetry. Total RNA was prepared 
by homogenization in 7 M GuSCN followed by centrifugation 
over CsCl cushions or prepared by using RNAzol. 

Gene Amplification and RNA Expression Analysis. Re lative 
gene amplification and RNA expression of WISPs and c-mvc in 
the cell lines, colorectal tumors, and normal mucosa were 
determined by quantitative PCR. Gene-specific primers and 
fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The 
relative gene copy number was derived by using the formula 
2 (Act) where ACt represents the difference in amplification 
cycles required to detect the WISP genes in peripheral blood 
lymphocyte DNA compared with colon tumor DNA or colon 
tumor RNA compared with normal mucosal RNA. The 
d-method was used for calculation of the SE of the gene copy 
number or RNA expression level. The W/S/'-specific signal was 
normalized to that of the glyceraldehyde-3-phosphate dehy- 
drogenase housekeeping gene. All TaqMan assay reagents 
were obtained from Perkin-Elmer Applied Biosystems. 

RESULTS 

Isolation of WISP-l and WISP-2 by SSH. To identify Wnt- 
1-inducible genes, we used the technique of SSH using the 
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mouse mammary epithelial cell line C57MG and C57MG cells 
that stably express Wnt-1 (11). Candidate differentially ex- 
pressed cDNAs (1,384 total) were sequenced. Thirty-nine 
percent of the sequences matched known genes or homo- 
logues, 32% matched expressed sequence tags, and 29% had 
no match. To confirm that the transcript was differentially 
expressed, semiquantitative reverse transcription-PCR and 
Northern analysis were performed by using mRNA from the 
C57MG and C57MG/Wnt-1 cells. 

Two of the cDNAs, WISP-l and WISP-2, were differentially 
expressed, being induced in the C57MG/Wnt-1 cell line, but 
not in the parent C57MG cells or C57MG cells overexpressing 
Wnt-4 (Fig. 1A and B). Wnt-4, unlike Wnt-1, does not induce 
the morphological transformation of C57MG cells and has no 
effect on /3-catenin levels (13, 14). Expression of WISP-l was 
up-regulated approximately 3-fold in the C57MG/Wnt-1 cell 
line and WISP-2 by approximately 5 -fold by both Northern 
analysis and reverse transcription-PCR. 

An independent, but similar, system was used to examine 
WISP expression after Wnt-1 induction. C57MG cells express- 
ing the Wnt-1 gene under the control of a tetracycline- 
repressible promoter produce low amounts of Wnt-1 in the 
repressed state but show a strong induction of Wnt-1 mRNA 
and protein within 24 hr after tetracycline removal (8). The 
levels of Wnt-1 and WISP RNA isolated from these cells at 
various times after tetracycline removal were assessed by 
quantitative PCR. Strong induction of Wnt-1 mRNA was seen 
as early as 10 hr after tetracycline removal. Induction of WISP 
mRNA (2- to 6-fold) was seen at 48 and 72 hr (data not shown). 
These data support our previous observations that show that 
WISP induction is correlated with Wnt-1 expression. Because 
the induction is slow, occurring after approximately 48 hr, the 
induction of WISPs may be an indirect response to Wnt-1 
signaling. 

cDNA clones of human WISP-l were isolated and the 
sequence compared with mouse WISP-L The cDNA sequences 
of mouse and human WISP-l were 1,766 and 2,830 bp in length, 
respectively, and encode proteins of 367 aa, with predicted 
relative molecular masses of ^40,000 (M r 40 K). Both have 
hydrophobic N-terminal signal sequences, 38 conserved cys- 
teine residues, and four potential N-linked glycosylation sites 
and are 84% identical (Fig. Z4). 

Full-length cDNA clones of mouse and human WISP-2 were 
1,734 and 1,293 bp in length, respectively, and encode proteins 
of 251 and 250 aa, respectively, with predicted relative molec- 
ular masses of ~27,000 (M T 27 K) (Fig. 2B). Mouse and human 
WISP-2 are 73% identical. Human WISP-2 has no potential 
N-Iinked glycosylation sites, and mouse WISP-2 has one at 

C57MQ 



Parent Wnt-1 WnM ' 




Fig. 1. WISP-l and WISP-2 are induced by Wnt-1, but not Wnt-4, 
expression in C57MG cells. Northern analysis of WISP-l (A) and 
WISP-2 (B) expression in C57MG, C57MG /Wnt-1, and C57MG/ 
Wnt-4 cells. Poly(A) + RNA (2 /i.g) was subjected to Northern blot 
analysis and hybridized with a 70-bp mouse WISP- 1 -specific probe 
(amino acids 278-300) or a 190-bp W75/ > -2-specific probe (nucleotides 
1438-1627) in the 3' untranslated region. Blots were rehybridized with 
human /3-actin probe. 
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Fig. 2. Encoded amino acid sequence alignment of mouse and 
human WISP-1 (A) and mouse and human WlSP-2 (B). The potential 
signal sequence, insulin-like growth factor-binding protein (IGF-BP), 
VWC, thrombospondin (TSP), and C-terminal (CT) domains are 
underlined. 

position 197. WISP-2 has 28 cysteine residues that are con- 
served among the 38 cysteines found in WISP-1. 

Identification of WISP-3. To search for related proteins, we 
screened expressed sequence tag (EST) databases with the 
WISP-1 protein sequence and identified several ESTs as 
potentially related sequences. We identified a homologous 
protein that we have called WISP-3. A full-length human 
WISP-3 cDNA of 1,371 bp was isolated corresponding to those 
ESTs that encode a 354raa protein with a predicted molecular 
mass of 39,293. WISP-3 has two potential N-linked glycosyl- 
ation sites and 36 cysteine residues. An alignment of the three 
human WISP proteins shows that WISP-1 and WISP-3 are the 
most similar (42% identity), whereas WISP-2 has 37% identity 
with WISP-1 and 32% identity with WISP-3 (Fig. 3/1). 

WISPs Are Homologous to the CTGF Family of Proteins. 
Human WISP-1 > WISP-2, and WISP-3 are novel sequences; 
however, mouse WISP-1 is the same as the recently identified 
Elml gene. Elml is expressed in low, but not high, metastatic 
mouse melanoma cells, and suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). 
Human and mouse WISP-2 are homologous to the recently 
described rat gene, rCop-1 (16). Significant homology (36- 
44%) was seen to the CCN family of growth factors. This family 
includes three members, CTGF, Cyr61, and the protoonco- 
gene nov. CTGF is a chemotactic and mitogenic factor for 
fibroblasts that is implicated in wound healing and fibrotic 
disorders and is induced byTGF-/3 (17). Cyr61 is an extracel- 
lular matrix signaling molecule that promotes cell adhesion, 
proliferation, migration, angiogenesis, and tumor growth (18, 
19). nov (nephroblastoma overexpressed) is an immediate 
early gene associated with quiescence and found altered in 
Wilms tumors (20). The proteins of the CCN family share 
functional, but not sequence, . similarity to Wnt-1. All are 
secreted, cysteine-rich heparin binding glycoproteins that as- 
sociate with the cell surface and extracellular matrix. 

WISP proteins exhibit the modular architecture of the CCN 
family, characterized by four conserved cysteine-rich domains 
(Fig. 3B) (21). The N-terminal domain, which includes the first 
12 cysteine residues, contains a consensus sequence (GCGC- 
CXXC) conserved in most insulin-like growth factor(IGF)- 
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Fig. 3. (A) Encoded amino acid sequence alignment of human 
WISPs. The cysteine residues of WISP-1 and WISP-2 that are not 
present in WISP-3 are indicated with a dot. (B) Schematic represen- 
tation of the WISP proteins showing the domain structure and cysteine 
residues (vertical lines). The four cysteine residues in the VWC domain . 
that are absent in WISP-3 are indicated with a dot. (C) Expression of 
WISP mRNA in human tissues. PCR was performed on human 
multiple-tissue cDNA panels (CLONTECH) from the indicated adult 
and fetal tissues. 

binding proteins (BP). This sequence is conserved in WISP-2 
and WISP-3, whereas WISP-1 has a glutamine in the third 
position instead of a glycine. CTGF recently has been shown 
to specifically bind IGF (22) and a truncated nov protein 
lacking the IGF-BP domain is oncogenic (23). The von Wil- 
lebrand factor type C module (VWC), also found in certain 
collagens and mucins, covers the next 10 cysteine residues, and 
is thought to participate in protein complex formation and 
oligomerization (24). The VWC domain of WISP-3 differs 
from all CCN family members described previously, in that it 
contains only six of the 10 cysteine residues (Fig. 3 A and B). 
A short variable region follows the VWC domain. The third 
module, the thrombospondin (TSP) domain is involved in 
binding to sulfated glycoconjugates and contains six cysteine 
residues and a conserved WSxCSxxCG motif first identified in 
thrombospondin (25). The C-terminal (CT) module contain- 
ing the remaining 10 cysteines is thought to be involved in 
dimerization and receptor binding (26). The CT domain is 
present in all CCN family members described to date but is 
absent in WISP-2 (Fig. 3 A and B). The existence of a putative 
signal sequence and the absence of a transmembrane domain 
suggest that WISPs are secreted proteins, an observation 
supported by an analysis of their expression and secretion from 
mammalian cell and baculovirus cultures (data not shown). 

Expression of WISP mRNA in Human Tissues. Tissue- 
specific expression of human WISPs was characterized by PCR 
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analysis on adult and fetal multiple tissue cDNA panels. 
WISP-1 expression was seen in the adult heart, kidney, lung, 
pancreas, placenta, ovary, small intestine, and spleen (Fig. 3C). 
Little or no expression was detected in the brain, liver, skeletal 
muscle, colon, peripheral blood leukocytes, prostate, testis, or 
thymus. WISPS had a more restricted tissue expression and 
was detected in adult skeletal muscle, colon, ovary, and fetal 
lung. Predominant expression of WISPS was seen in adult 
kidney and testis and fetal kidney. Lower levels of WISPS 
expression were detected in placenta, ovary, prostate, and 
small intestine. 

In Situ Localization of WISPS and WISPS. Expression of 
WISP-1 and WISP-2 was assessed by in situ hybridization in 
mammary tumors from Wnt-1 transgenic mice. Strong expres- 
sion of WISP-1 was observed in stromal fibroblasts lying within 
the fibrovascular tumor stroma (Fig. 4 A-D). However, low- 
level WISP-1 expression also was observed focally within tumor 
cells (data not shown). No expression was observed in normal 
breast. Like WISP-1, WISP-2 expression also was seen in the 
tumor stroma in breast tumors from Wnt-1 transgenic animals 
(Fig. 4 E-H). However, WISP-2 expression in the stroma was 
in spindle-shaped cells adjacent to capillary vessels, whereas 





Fig. 4. (A, C, E, and G) Representative hematoxylin/eosin-stained 
images from breast tumors in Wnt-1 transgenic mice. The correspond- 
ing dark-field images showing WISP-1 expression are shown in B and 
D. The tumor is a moderately well-differentiated adenocarcinoma 
showing evidence of adenoid cystic change. At low power (A and 5), 
expression of WISP- 1 is seen in the delicate branching fibrovascular 
tumor stroma (arrowhead). At higher magnification, expression is seen 
in the stromal(s) fibroblasts (C and D), and tumor cells are negative. 
Focal expression of WISP- 1, however, was observed in tumor cells in 
some areas. Images of WISP-2 expression are shown in E-H. At low 
power (E and F), expression of WISP-2 is seen in cells lying within the 
fibrovascular tumor stroma. At higher magnification, these cells 
appeared to be adjacent to capillary vessels whereas tumor cells are 
negative (G and H). 



the predominant cell type expressing WISP-1 was the stromal 
fibroblasts. 

Chromosome Localization of the WISP Genes. The chro- 
mosomal location of the human WISP genes was determined 
by radiation hybrid mapping panels. WISP-1 is approximately 
3.48 cR from the meiotic marker AFM259xc5 [logarithm of 
odds (lod) score 16.31] on chromosome 8q24.1 to 8q24.3 ; in the 
same region as the human locus of the novH family member 
(27) and roughly 4 Mbs distal to c-myc (28). Preliminary fine 
mapping indicates that WISP-1 is located near D8S1712 STS. 
WISP-2 is linked to the marker SHGC-33922 (lod = 1,000) on 
chromosome 20ql2-20ql3.1. Human WISPS mapped to chro- 
mosome 6q22-6q23 and is linked to the marker AFM211ze5 
(lod = 1,000). WISPS is approximately 18 Mbs proximal to 
CTGF and 23 Mbs proximal to the human cellular oncogene 
MYB (21, 29). 

Amplification and Aberrant Expression ofWISPs in Human 
Colon Tumors. Amplification of protooncogenes is seen in 
many human tumors and has etiological and prognostic sig- 
nificance. For example, in a variety of tumor types, c-myc 
amplification has been associated with malignant progression 
and poor prognosis (30). Because WISP-1 resides in the same 
general chromosomal location (8q24) as c-myc, we asked 
whether it was a target of gene amplification, and, if so, 
whether this amplification was independent of the c-myc locus. 
Genomic DNA from human colon cancer cell lines was 
. assessed by quantitative PCR and Southern blot analysis. (Fig. 
5 A and B). Both methods detected similar degrees of WISP-1 
amplification. Most cell lines showed significant (2- to 4-fold) 
amplification, with the HT-29 and WiDr cell lines demonstrat- 
ing an 8-fold increase. Significantly, the pattern of amplifica- 
tion observed did not correlate with that observed for c-myc, 
indicating that the c-myc gene is not part of the amplicon that 
involves the WISP-1 locus. 

We next examined whether the WISP genes were amplified 
in a panel of 25 primary human colon adenocarcinomas. The 
relative WISP gene copy number in each colon tumor DNA 
was compared with pooled normal DNA from 10 donors by 
quantitative PCR (Fig. 6). The copy number of WISP-1 and 
WISP-2 was significantly greater than one, approximately 
2-fold for WISP-1 in about 60% of the tumors and 2- to 4-fold 
for WISP-2 in 92% of the tumors (P < 0.001 for each). The 
copy number for WISPS was indistinguishable from one (P = 
0.166). In addition, the copy number of WISPS was signifi- 
cantly higher than that of WISP-1 (P < 0.001). 

The levels of WISP transcripts in RNA isolated from 19. 
adenocarcinomas and their matched normal mucosa were 
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Fig. 5. Amplification of WISP- 1 genomic DNA in colon cancer cell 
lines. {A) Amplification in cell line DNA was determined by quanti- 
tative PCR. (B) Southern blots containing genomic DNA (10 jig) 
digested with EcoRI (WISP-1) or Xbal (c-myc) were hybridized with 
a 100-bp human WISP- 1 probe (amino acids 186-219) or a human 
c-myc probe (located at bp 1901-2000). The WISP and myc genes are 
detected in normal human genomic DNA after a longer film exposure. 
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FlO. 6. Genomic amplification of WISP genes in human colon 
tumors. The relative gene copy number of the WISP genes in 25 
adenocarcinomas was assayed by quantitative PCR, by comparing 
DNA from primary human tumors with pooled DNA from 10 healthy 
donors. The data are means ± SEM from one experiment done in 
triplicate. The experiment was repeated at least three times. 

assessed by quantitative PCR (Fig. 7). The level of WISP-1 
RNA present in tumor tissue varied but was significantly 
increased (2- to >25-foid) in 84% (16/19) of the human colon 
tumors examined compared with normal adjacent mucosa. 
Four of 19 tumors showed greater than 10-fold overexpression. 
In contrast, in 79% (15/19) of the tumors examined, WISP-2 
RNA expression was significantly lower in the tumor than the 
mucosa. Similar to WISP-1, WISPS RNA was overexpressed in 
63% (12/19) of the colon tumors compared with the normal 
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Fig. 7. WISP RNA expression in primary human colon tumors 
relative to expression in normal mucosa from the same patient 
Expression of WISP mRNA in 19 adenocarcinomas was assayed by 
quantitative PCR. The Dukes stage of the tumor is listed under the 
sample number. The data are means ± SEM from one experiment 
done in triplicate. The experiment was repeated at least twice. 



mucosa. The amount of overexpression of WISP-3 ranged from 
4- to >40-fold. 



DISCUSSION 

One approach to understanding the molecular basis of cancer 
is to identify differences in gene expression between cancer 
ceils and normal cells. Strategies based on assumptions that 
steady-state mRNA levels will differ between normal and 
malignant cells have been used to clone differentially ex- 
pressed genes (31). We have used a PCR-based selection 
strategy, SSH, to identify genes selectively expressed in 
C57MG mouse mammary epithelial cells transformed by 
Wnt-1. 

Three of the genes isolated, WISP-1, WISP-2, and WISP-3, 
are members of the CCN family of growth factors, which 
includes CTGF, Cyr61, and nov, a family not previously linked 
to Wnt signaling. 

Two independent experimental systems demonstrated that 
WISP induction was associated with the expression of Wnt-1. 
The first was C57MG cells infected with a Wnt-1 retroviral 
vector or C57MG cells expressing Wnt-1 under the control of 
a tetracyline-repressible promoter, and the second was in 
Wnt-1 transgenic mice, where breast tissue expresses Wnt-1, 
whereas normal breast tissue does not. No WISP RNA expres- 
sion was detected in mammary tumors induced by polyoma 
virus middle T antigen (data not shown). These data suggest 
a link between Wnt-1 and WISPs in that in these two situations, 
WISP induction was correlated with Wnt-1 expression. 

It is not clear whether the WISPs are directly or indirectly 
induced by the downstream components of the Wnt-1 signaling 
pathway (i.e., 0-cateriin-TCF-l/Lefl). The increased levels of 
WISP RNA were measured in Wnt-l-transformed cells, hours 
or days after Wnt-1 transformation. Thus, WISP expression 
could result from Wnt-1 signaling directly through /3-catenin 
transcription factor regulation or alternatively through Wnt-1 
signaling turning on a transcription factor, which in turn 
regulates WISPs. 

The WISPs define an additional subfamily of the CCN family 
of growth factors. One striking difference observed in the 
protein sequence of WISP-2 is the absence of a CT domain, 
which is present in CTGF, Cyr61, nov, WISP-1, and WISP-3. 
This domain is thought to be involved in receptor binding and 
dimerization. Growth factors, such as TGF-/3, platelet-derived 
growth factor, and nerve growth factor, which contain a cystine 
knot motif exist as dimers (32). It is tempting to speculate that 
WISP-1 and WISP-3 may exist as dimers, whereas WISP-2 
exists as a monomer. If the CT domain is also important for 
receptor binding, WISP-2 may bind its receptor through a 
different region of the molecule than the other CCN family 
members. No specific receptors have been identified for CTGF 
or nov. A recent report has shown that integrin a v ft serves as 
an adhesion receptor for Cyr61 (33). 

The strong expression of WISP-1 and WISP-2 in cells lying 
within the fibrovascular tumor stroma in breast tumors from 
Wnt-1 transgenic animals is consistent with previous obser- 
vations that transcripts for the related CTGF gene are pri- 
marily expressed in the fibrous stroma of mammary tumors 
(34). Epithelial cells are thought to control the proliferation of 
connective tissue stroma in mammary tumors by a cascade of 
growth factor signals similar to that controlling connective 
■ tissue formation during wound repair. It has been proposed 
that mammary tumor cells or inflammatory cells at the tumor 
interstitial interface secrete TGF-/31, which is the stimulus for 
stromal proliferation (34). TGF-/31 is secreted by a large 
percentage of malignant breast tumors and may be one of the 
f growth factors that stimulates the production of CTGF and 
WISPs in the stroma. 

It was of interest that WISP-1 and WISP-2 expression was 
observed in the stromal cells that surrounded the tumor cells 
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(epithelial cells) in the Wnt-1 transgenic mouse sections of 
breast tissue. This finding suggests that paracrine signaling 
could occur in which the stromal cells could supply. WISP-1 and 
WISP-2 to regulate tumor cell growth on the WISP extracel- 
lular matrix. Stromal cell-derived factors in the extracellular 
matrix have been postulated to play a role in tumor cell 
migration and proliferation (35). The localization of WISP-1 
and WISP-2 in the stromal cells of breast tumors supports this 
paracrine model. 

An analysis of WISP-1 gene amplification and expression in 
human colon tumors showed a correlation between DNA 
amplification and overexpression, whereas overexpression of 
WISPS RNA was seen in the absence of DNA amplification. 
In contrast, WISP-2 DNA was amplified in the colon tumors, 
but its mRNA expression was significantly reduced in the 
majority of tumors compared with the expression in normal 
colonic mucosa from the same patient. The gene for human 
WISP-2 was localized to chromosome 20ql2-20ql3, at a region 
frequently amplified and associated with poor prognosis in 
node negative breast cancer and many colon cancers, suggest- 
ing the existence of one or more oncogenes at this locus 
(36-38). Because the center of the 20ql3 amplicon has not yet 
been identified, it is possible that the apparent amplification 
observed for WISP-2 may be caused by another gene in this 
amplicon. 

. A recent manuscript on rCop-1, the rat orthologue of 
WISP-2, describes the loss of expression of this gene after cell 
transformation, suggesting it may be a negative regulator of 
growth in cell lines (16). Although the mechanism by which 
WISP-2 RNA expression is down-regulated during malignant 
transformation is unknown, the reduced expression of WISP-2 
in colon tumors and cell lines suggests that it may function as 
a tumor suppressor. These results show that the WISP genes 
are aberrantly expressed in colon cancer and suggest that their 
altered expression may confer selective growth advantage to 
the tumor. 

Members of the Wnt signaling pathway have been impli- 
cated in the pathogenesis of colon cancer, breast cancer, and 
melanoma, including the tumor suppressor gene adenomatous 
polyposis coli and /3-catenin (39). Mutations in specific regions 
of either gene can cause the stabilization and accumulation of 
cytoplasmic 0-catenin, which presumably contributes to hu- 
man carcinogenesis through the activation of target genes such 
as the WISPs. Although the mechanism by which Wnt-1 
transforms ceils and induces tumorigenesis is unknown, the 
identification of WISPs as genes that may be regulated down- 
stream of Wnt-1 in C57MG cells suggests they could be 
important mediators of Wnt-1 transformation. The amplifica- 
tion and altered expression patterns of the WISPs in human 
colon tumors may indicate an important role for these genes 
in tumor development. . 
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methods. Peptides AENK or AEQK were dissolved in water, made isotonic with 
NaCl and diluted into RPMI growth medium. T-cell-proliferation assays were 
done essentially as described 10,11 . Briefly, after antigen pulsing (JOpLgmT 1 
TTCF) with tetrapeptides (l-ZmgrnP 1 ), PBMCs or EBV-B cells were 
washed in PBS and fixed for 45 s in 0.05% glutaraldehyde. Glycine was added 
to a final concentration of 0.1 M and the cells were washed five times in RPMI 
1640 medium containing 1% PCS before co-culture with T-cell clones in 
round-bottom 96-weil microtitre plates. After 48 h, the cultures were pulsed 
with 1 |xCi of 3 H -thymidine and harvested for scintillation counting 16 h later. 
Predigestion of native TTCF was done by incubating 200 u,g TTCF with 0.25 u,g 
pig kidney legumain in 500 u.1 50 mM citrate buffer, pH 5.5, for 1 h at 37 °C. 
Glycopeptide digestions. The peptides HIDNEEDI, H ID N(N- glucosamine) 
EEDI and HIDNESDI, which are based on the TTCF sequence, and 
QQQHLFGSNVTDCSGNFCLFR(KKK), which is based on human transferrin, 
were obtained by custom synthesis. The three C-terminal lysine residues were 
added to the natural sequence to aid solubility. The transferrin glycopeptide 
QQQHLFGSNVTDCSGNFCLFR was prepared by tryptic (Promega) digestion 
of 5mg reduced, carboxy- methylated human transferrin followed by 
concanavalin A chromatography 1 '. Glycopeptides corresponding to residues 
622-642 and 421-452 were isolated by reverse-phase HPLC and identified by 
mass spectrometry and N- terminal sequencing. The lyophilized transferrin - 
derived peptides were redissolved in 50 mM sodium acetate, pH 5.5, 10 mM 
dithiothreitol, 20% methanol. Digestions were performed for 3 h at 30 °C with 
5-50 mU ml" 1 pig kidney legumain or B-cell AEP. Products were analysed by 
HPLC or MALDI-TOF mass spectrometry using a matrix of lOmgmr 1 o> 
cyanocinnamic acid in 50% acetonitrile/0. 1% TFA and a PerSeptive Biosystems 
Elite STR mass spectrometer set to linear or reflector mode. Internal standar- 
dization was obtained with a matrix ion of 568.13 mass units. 
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Fas ligand (FasL) is produced by activated T ceils and natural 
killer cells and it induces apoptosis (programmed cell death) in 
target cells through the death receptor Fas/Apol/CD95 (ref. 1). 
One important role of FasL and Fas is to mediate immune- 
cytotoxic killing of cells that are potentially harmful to the 
organism, such as virus-infected or tumour cells 1 . Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3), that binds to FasL and inhibits FasL- induced 
apoptosis. The DcR3 gene was amplified in about half of 35 
primary lung and colon tumours studied, and DcR3 messenger 
RNA was expressed in malignant tissue. Thus, certain tumours 
may escape FasL-dependent immune-cytotoxic attack by expres- 
sing a decoy receptor that blocks FasL. 

By searching expressed sequence tag (EST) databases, we identi- 
fied a set of related ESTs that showed homology to the tumour 
necrosis factor (TNF) receptor (TNFR) gene superfamily 2 . Using 
the overlapping sequence, we isolated a previously unknown full- 
length complementary DNA from human fetal lung. We named the 
protein encoded by this cDNA decoy receptor 3 (DcR3). The cDNA 
encodes a 300-amino-acid polypeptide that resembles members of 
the TNFR family (Fig. la): the amino terminus contains a leader 
sequence, which is followed by four tandem cysteine -rich domains 
(CRDs). Like one other TNFR homologue, osteoprotegerin (OPG) 3 , 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than a membrane-asscociated, 
molecule. We expressed a recombinant, histidine-tagged form of 
DcR3 in mammalian cells; DcR3 was secreted into the cell culture 
medium, and migrated on polyacrylamide gels as a protein of 
relative molecular mass 35,000 (data not shown). DcR3 shares 
sequence identity in particular with OPG (31%) and TNFR2 
(29%), and has relatively less homology with Fas (17%). All of 
the cysteines in the four CRDs of DcR3 and OPG are conserved; 
however, the carboxy-terminal portion of DcR3 is 101 residues 
shorter. 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). We detected a predominant 1.2-kilobase 
transcript in fetal lung, brain, and liver, and in adult spleen, colon 
and lung. In addition, we observed relatively high DcR3 mRNA 
expression in the human colon carcinoma cell line SW480. 

To investigate potential ligand interactions of DcR3, we generated 
a recombinant, Fc-tagged DcR3 protein. We tested binding of 
DcR3-Fc to human 293 cells transfected. with individual TNF- 
family ligands, which are expressed as type 2 transmembrane 
proteins (these transmembrane proteins have their N termini in 
the cytosol). DcR3-Fc showed a significant increase in binding to 
cells transfected with FasL 4 (Fig. 2a), but not to cells transfected with 
TNF 5 , Apo2L/TRAIL 6 ' 7 , Apo3L/TWEAK*' 9 , or OPGL/TRANCE/ 
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RANKL 10 " 12 (data not shown). DcR3-Fc immuno precipitated shed 
FasL from FasL-transfected 293 cells (Fig. 2b) and purified soluble 
FasL (Fig. 2c), as did the Fc-tagged ectodomain of Fas but not 
TNFR1. Gel-filtration chromatography showed that DcR3-Fc and 
soluble FasL formed a stable complex (Fig. 2d). Equilibrium 
analysis indicated that DcR3-Fc and Fas-Fc bound to soluble 
FasL with a comparable affinity (K d = 0.8 ± 0,2 and 
Kl±0.1nM, respectively; Fig. 2e), and that DcR3-Fc could 
block nearly all of the binding of soluble FasL to Fas-Fc (Fig. 2e, 
inset). Thus, DcR3 competes with Fas for binding to FasL. 

To determine whether binding of DcR3 inhibits FasL activity, we 
tested the effect of DcR3-Fc on apoptosis induction by soluble 
FasL in Jurkat T leukaemia cells, which express Fas (Fig. 3a). DcR3- 
Fc and Fas-Fc blocked soluble- FasL-induced apoptosis in a 
similar dose-dependent manner, with half-maximal inhibition at 
—0.1 ixgrnl" 1 . Time-course analysis showed that the inhibition did 
not merely delay cell death, but rather persisted for at least 24 hours 
(Fig. 3b). We also tested the effect of DcR3-Fc on activation- 
induced cell death (AICD) of mature T lymphocytes, a FasL- 
dependent process'. Consistent with previous results 13 , activation 
of interleukin-2 -stimulated CD4-positive T cells with anti-CD3 
antibody increased the level of apoptosis twofold, and Fas-Fc 
blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 
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Figure 1 Primary structure and expression of human DcR3. a. Alignment of the 
amino-acid sequences of DcR3 and of osteoprotegerin (OPG); the C-terminal 101 
residues of OPG are not shown. The putative signal cleavage site (arrow), the 
cysteine-rich domains (CRD 1 -4), and the A/-linked glycosylation site (asterisk) are 
shown, b. Expression of DcR3 mRNA. Northern hybridization analysis was done 
using the DcR3 cDNA as a probe and blots of polyfA)* RNA (Clontech) from 
human fetal and adult tissues or cancer cell lines. PBL. peripheral blood 
lymphocyte. 



induction of apoptosis to a similar extent. Thus, DcR3 binding 
blocks apoptosis induction by FasL. 

FasL-induced apoptosis is important in elimination of virus- 
infected cells and cancer cells by natural killer cells and cytotoxic T 
lymphocytes; an alternative mechanism . involves perforin and 
granzymes M4 ~ ,h . Peripheral blood natural killer cells triggered 
marked cell death in Jurkat T leukaemia cells (Fig. 3d); DcR3-Fc 
and Fas-Fc each reduced killing of target cells from --65% to 
—30%. with half-maximal inhibition at — lu-gmT 1 ; the residual 
killing was probably mediated by the perforin/granzyme pathway. 
Thus, DcR3 binding blocks FasL-dependent natural killer cell 
activity. Higher DcR3-Fc and Fas-Fc concentrations were required 
to block natural killer cell activity compared with those required to 
block soluble FasL activity, which is consistent with the greater 
potency of membrane-associated FasL compared with. soluble 
FasL 17 . 

Given the role of immune-cytotoxic cells in elimination of 
tumour cells and the fact that DcR3 can act as an inhibitor of 
FasL, we proposed that DcR3 expression might contribute to the 
ability of some tumours to escape immune-cytotoxic attack. As 
genomic amplification frequently contributes to tumorigenesis, we 
investigated whether the DcR3 gene is amplified in cancer. We 
analysed DcR3 gene -copy number by quantitative polymerase chain 
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Figure 2 Interaction of DcR3 with FasL a, 293 cells were transfected with pRK5 
vector (top) or with pRK5 encoding full-length FasL (bottom), incubated with 
DcR3-Fc (solid line, shaded area), TNFRl-Fc (dotted line) or buffer control 
(dashed line) (the dashed and dotted lines overlap), and analysed for binding by. 
FAGS. Statistical analysis showed a significant difference (P < 0.001 ) between the 
binding of DcR3-Fc to cells transfected with FasL or pRK5. PE, phycoerythrin- 
labelled cells, b, 293 cells were transfected as in a and metabolically labelled, and 
cell supernatants were immunoprecipitated with Fc-tagged TNFR1, DcR3 or Fas. 
c, Purified soluble FasL (sFasL) was immunoprecipitated with TNFR1-Fc, DcR3- 
Fc or Fas-Fc and visualized by immunoblot with anti-FasL antibody. sFasL was 
loaded directly for comparison in the right-hand lane, d, Flag-tagged sFasL was 
incubated with 0cR3-Fc or with buffer and resolved by gel filtration; column 
fractions were analysed in an assay that detects complexes containing DcR3-Fc 
and sFasL-Flag. e, Equilibrium binding of DcR3-Fc or Fas-Fc to sFasL-Flag. 
Inset competition of OcR3-Fc with Fas-Fc for binding to sFasL-Flag. 
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reaction (PCR) 19 in genomic DNA from 35 primary lung and colon 
tumours, relative to pooled genomic DNA from peripheral blood 
leukocytes (PBLs) of 10 healthy donors. Eight of 18 lung tumours 
and 9 of 17 colon tumours showed DcR3 gene amplification, 
ranging from 2- to 18- fold (Fig. 4a, b). To confirm this result, we 
analysed the colon tumour DNAs with three more, independent sets 
of DcR3 -based PCR primers and probes; we observed nearly the 
same amplification (data not shown). 

. We then analysed DcR3 mRNA expression in primary tumour 
tissue sections by in situ hybridization. We detected DcR3 expres- 
sion in 6 out of 15 lung tumours, 2 out of 2 colon tumours, 2 out of 5 
breast tumours, and I out of 1 gastric tumour (data not shown). A 
section through a squamous-cell carcinoma of the lung is shown in 
Fig. 4c. DcR3 mRNA was localized to infiltrating malignant epithe- 
lium, but was essentially absent from adjacent stroma, indicating 
tumour-specific expression. Although the individual tumour speci- 
mens that we analysed for mRNA expression and gene amplification 
were different, the in situ hybridization results are consistent with 
the finding that the DcR3 gene is amplified frequently in tumours. 
SW480 colon carcinoma cells, which showed abundant DcR3 
mRNA expression (Fig. lb), also had marked DcR3 gene amplifica- 
tion, as shown by quantitative PCR (fourfold) and by Southern blot 
hybridization (fivefold) (data not shown). 

If DcR3 amplification in cancer is functionally relevant, then 
DcR3 should be amplified more than neighbouring genomic 
regions that are not important for tumour survival. To test this, 



we mapped the human DcR3 gene by radiation-hybrid analysis; 
DcR3 showed linkage to marker AFM218xe7 (T 160), which maps to 
chromosome position 20ql3. Next, we isolated from a bacterial 
artificial chromosome (BAC) library a human genomic clone that 
carries DcR3, and sequenced the ends of the clone s insert. We then 
determined, from the nine colon tumours that showed twofold or 
greater amplification of DcR3, the copy number of the DcR3- 
flanking sequences (reverse and forward) from the BAC, and of 
seven genomic markers that span chromosome 20 (Fig. 4d). The 
DcR3- linked reverse marker showed an average amplification of 
roughly threefold, slightly less than the approximately fourfold 
amplification of DcR3; the other markers showed little or no 
amplification. These data indicate that DcR3 may be at the epi- 
centre' of a distal chromosome 20 region that is amplified in colon 
cancer, consistent with the possibility that DcR3 amplification 
promotes tumour survival. . 

Our results show that DcR3 binds specifically to FasL and inhibits 
FasL activity. We did not detect DcR3 binding to several other TNF- 
ligand- family members; however, this does not rule out the possi- 
bility that DcR3 interacts with other ligands, as do some other 
TNFR family members, including OPG u \ . 

FasL is important in regulating the immune response; however, 
little is known about how FasL function is controlled. One mechan- 
ism involves the molecule cFLIP, which modulates apoptosis signal- 
ling downstream of Fas 20 . A second mechanism involves proteolytic 
shedding of FasL from the cell surface 17 . DcR3 competes with Fas for 



□ -anti-CD3 
■•♦•ariti-CD3 




10-2 10 -1 10° 
Inhibitor (p.g mM) : 



OcR3 




10 20 
Time (h) 



80 

? i 

I 20 



TO 



0 10~ 1 10° 10 1 
Inhibitor (ug mH) 



- 20 
S 10 



^0.5 



Llwfw 



10 



abcdefghijklmnopqr abcde fghi j k Imnopq 05 g © >§S«^^£<n 




Figure 3 Inhibition of FasL activity by DcR3. a. Human Jurkat T leukaemia cells 
were incubated with Flag-tagged soluble FasL (sFasL;. Sngml -1 ) oligomerized 
with anti-Flag antibody (0.1 u,g ml -1 ) in the presence of the proposed inhibitors 
DcR3-Fc, Fas-Fc or human IgGl arid assayed for apoptosis (mean ± s.e.m. of 
triplicates), b, Jurkat cells were incubated with sFasL-Flag.plus anti-Flag antibody 
as in a, in presence of 1 u-g ml"' DcR3-Fc (filled circles), Fas-Fc (open circles) or 
human IgGl (triangles), and apoptosis was determined at the indicated time 
points, c. Peripheral blood T cells were stimulated with PHA and interleukin-2, 
followed by control (white bars) or anti-CD3 antibody (filled bars), together with 
phosphate-buffered saline (PBS), human IgGl Fas-Fc, or DcR3-Fc (10 n-g ml" 1 ). 
After 16 h, apoptosis of CD4* cells was determined (mean ± s.e.m. of results from 
five donors), d. Peripheral blood natural killer cells were incubated with 5, Cr- 
labelled Jurkat cells in the presence of DcR3-Fc (filled circles), Fas-Fc (open 
circles) or human IgGl (triangles), and target-cell death was determined by 
release of 51 Cr (mean ± s.d. for two donors, each in triplicate). 



Figure 4 Genomic amplification of DcR3 in tumours, d. Lung cancers, comprising 
eight adenocarcinomas (c, d. f, g. h. j. k, r). seven squamous-cell carcinomas (a, e, 
m, n. o, p, q), one non-small-cell carcinoma (b). one small-cell carcinoma (i), and 
one bronchial adenocarcinoma (I). The data are means ± s.d. of 2 experiments 
done in duplicate, b, Colon tumours, comprising 17 adenocarcinomas. Data are 
means ± s.e.m. of five experiments done in duplicate, c. In situ hybridization . 
analysis of DcR3 mRNA expression in a squamous-cell carcinoma of the lung. A 
representative bright-held image (left) and the corresponding dark-field image 
(right) show DcR3 mRNA over infiltrating malignant epithelium (arrowheads). 
Adjacent non-malignant stroma (S). blood vessel (V) and necrotic tumour tissue 
(N) are also shown, d, Average amplification of DcR3 compared with amplifica- 
tion of neighbouring genomic regions (reverse and forward. Rev and Fwd), the 
DcR3-linked marker T160. and other chromosome-20 markers, in the nine colon 
tumours showing DcR3 amplification of twofold or more (b). Data are from two 
experiments done in duplicate. Asterisk indicates P < 0.01 for a Student's r-test 
comparing each marker with DcR3. 
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FasL binding; hence, it may represent a third mechanism of 
extracellular regulation of FasL activity. A decoy receptor that 
modulates the function of the cytokine interleukin- 1 has been 
described 21 . In addition, two decoy receptors that belong to the 
TNFR family, DcRl and DcR2, regulate the FasL- related apoptosis- 
inducing molecule Apo2L 22 . Unlike DcRl and DcR2, which are 
membrane -associated proteins, DcR3 is directly secreted into the 
extracellular space. One other secreted TNFR- family member is 
OPG 3 , which shares greater sequence homology with DcR3 (31%) 
than do DcRl (17%) or DcR2 (19%); OPG functions as a third 
decoy for Apo2L 19 . Thus, DcR3 and OPG define a new subset of 
TNFR-family members that function as secreted decoys to mod- 
ulate ligands that induce apoptosis. Pox viruses produce soluble 
TNFR homologues that neutralize specific TNF- family ligands, 
thereby modulating the antiviral immune response 2 . Our results 
indicate that a similar mechanism, namely, production of a soluble 
decoy receptor for FasL, may contribute to immune evasion by 
certain tumours. □ 



Methods 

Isolation of DcR3 cONA. Several overlapping ESTs in GenBank (accession 
numbers AA025672, AA025673 and W67560) and in Lifeseq™ (Incyte 
Pharmaceuticals; accession numbers 1339238, 1533571, 1533650, 1542861, 
1789372 and 2207027) showed similarity to members of the TNFR family. We 
screened human cDNA libraries by PCR with primers based on the region of 
EST consensus; fetal lung was positive for a product of the expected size. By 
hybridization to a PCR-generated probe based on the ESTs, one positive clone 
(DNA30942) was identified. When searching for potential alternatively spliced 
forms of DcR3 that might encode a transmembrane protein, we isolated 50 
more clones; the coding regions of these clones were identical in size to that of 
the initial clone (data not shown). 

Fc-fuston proteins (immunoadhesins). The entire DcR3 sequence, or the 
ectodomain of Fas or TNFR1, was fused to the hinge and Fc region of human 
IgGl, expressed in insect SF9 cells or in human 293 cells, and purified as 
described". 

Fluorescence-activated cell sorting (FACS) analysis. We transfected 293 
cells using calcium phosphate or Effectene (Qiagen) with pRK5 vector or pRK5 
encoding full-length human FasL 4 (2 u.g), together with pRK5 encoding CrmA 
(2 fig) to prevent cell death. After 16 h, the cells were incubated with 
biotinylated DcR3-F.c or TNFRl-Fc and then with phycoerythrin-conjugated 
streptavidin (GibcoBRL), and were assayed by FACS. The data were analysed by 
Kolmogorov-Smirnov statistical analysis. There was some detectable staining 
of vector-transfected cells by DcR3-Fc; as these cells express little FasL (data 
not shown), it is possible that DcR3 recognized some other factor that is 
expressed constitutively on 293 cells. 

Immunoprecipitation. Human 293 cells were transfected as above, and 
metabolically labelled with [ 35 Slcysteine and [ 35 S] methionine (0.5 mCi; 
Amersham). After 16 h of culture in the presence of z-VAD-fmk (l0u,M), 
the medium was immunoprecipitated with DcR3-Fc, Fas-Fc or TNFRl-Fc 
(5u,g), followed by protein A-Sepharose (Repligen). The precipitates were 
resolved by SDS-PAGE and visualized on a phosphorimager (Fuji BAS2000). 
Alternatively, purified, Flag-tagged soluble FasL ( 1 u,g) (Alexis) was incubated 
with each Fc-fusion protein (1 u,g), precipitated with protein A-Sepharose, 
resolved by SDS-PAGE and visualized by immunoblotting with rabbit anti- 
Fas L antibody (Oncogene Research). 

Analysis of complex formation. Flag-tagged soluble FasL (25u,g) was 
incubated with buffer or with DcR3-Fc (40 u.g) for 1.5 h at 24 °C. The reaction 
was loaded onto a Superdex 200 HR 10/30 column (Pharmacia) and developed 
with PBS; 0.6-ml fractions were collected. The presence of DcR3-Fc-FasL 
complex in each fraction was analysed by placing 100 u,l aliquots into microtitre 
wells precoated with anti -human IgG (Boehringer) to capture DcR3-Fc, 
followed by detection with biotinylated anti-Flag antibody Bio M2 (Kodak) and 
streptavidin-horseradish peroxidase (Amersham). Calibration of the column 
indicated an apparent relative molecular mass of the complex of 420 FC (data not 
shown), which is consistent with a stoichiometry of two DcR3-Fc homodimers 
to two soluble FasL homo trimers; 

Equilibrium binding analysis. Microtitre wells were coated with anti-human 




IgG, blocked with 2% BSA in PBS. DcR3-Fc or Fas-Fc was added, followed by 
serially diluted Flag-tagged soluble FasL. Bound ligand was detected with anti- 
Flag antibody as above. In the competition assay, Fas-Fc was immobilized as 
above, and the wells were blocked with excess IgGl before addition of Flag- 
tagged soluble FasL plus DcR3-Fc. 

T-ce!l AtCD. CD3* lymphocytes were isolated from peripheral blood of 
individual donors using anti-CD3 magnetic beads (Miltenyi Biotech), 
stimulated with phytohaemagglutinin (PHA; 2 u,g ml" 1 ) for 24 h, and cultured 
in the presence of interleukin- 2 ( 100 U mF l ) for 5 days. The cells were plated in 
wells coated with anti-CD3 antibody (Pharmingen) and analysed for apoptosis 
16 h later. by FACS analysis of annexin-V-binding of CD4* cells 24 . 
Natural killer cell activity. Natural killer cells were isolated from peripheral 
blood of individual donors using anti-CD56 magnetic beads (Miltenyi 
Biotech), and incubated for 16 h with 5, Cr-loaded Jurkat cells at an effector- 
to-target ratio of 1:1 in the presence of DcR3-Fc, Fas-Fc or human IgGl. 
Target-cell death was determined by release of 5l Cr in effector-target co- 
cultures relative to release of 5, Cr by detergent lysis of equal numbers of Jurkat 
cells. 

Gene-amplification analysis. Surgical specimens were provided by J. Kern 
(lung tumours) and P. Quirke (colon tumours). Genomic DNAwas extracted 
(Qiagen) and the concentration was determined using Hoechst dye 33258 
intercalation fluororaetry. Amplification was determined by quantitative PCR" 
using a TaqMan instrument (ABI). The method was validated by comparison of 
PCR and Southern hybridization data for the Myc and HER-2 oncogenes (data 
not shown). Gene-specific primers and fluorogenic probes were designed on 
the basis of the sequence of DcR3 or of nearby regions identified on a BAG 
carrying the human DcR3 gene; alternatively, primers and probes were based 
on Stanford Human Genome Center marker AFM218xe7 (T160), which is 
linked to DcR3 (likelihood score = 5.4), SHGC-36268 (T159). the nearest 
available marker which maps to —500 kilobases from T160, and five extra 
markers that span chromosome 20. The DcR3-specific primer sequences were 
5 ' -CTTCTTCGCGCACGCTG-3 ' and 5'-ATCACGCCGGCACCAG-3' and the 
fluorogenic probe sequence was 5'-(FAM-ACACGATGCGTGCTCCAAGCAG 
AAp-(TAMARA), where FAM is 5' -fluorescein phosphoramidite. Relative 
gene-copy numbers were derived using the formula 2* ACT) , where ACT is the 
difference in amplification cycles required to detect DcR3 in peripheral blood 
lymphocyte DNA compared to test DNA. 
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ABC transporters (also known as traffic ATPases) form a large 
family of proteins responsible for the translocation of a variety 
of compounds across membranes of both prokaryotes and 
eukaryotes 1 . The recently completed Escherichia coli genome 
sequence revealed that the largest family of paralogous £. coli 
proteins is composed of ABC transporters 2 . Many eukaryotic 
proteins of medical significance belong to this family, such as 
the cystic fibrosis transmembrane conductance regulator (CFTR), 
the P-glycoprotein (or multidrug-resistance protein) and the 
heterodimeric transporter associated with antigen processing 
(Tapl~Tap2). Here we report the crystal structure at 1.5 A resolu- 
tion of HisP, the ATP-binding subunit of the histidine permease, 
which is an ABC transporter from Salmonella typhimurium. We 
correlate the details of this structure with the biochemical, genetic 
and biophysical properties of the wild-type and several mutant 
HisP proteins. The structure provides a basis for understanding 
properties of ABC transporters and of defective CFTR proteins. 

ABC transporters contain four structural domains: two nucleo- 
tide-binding domains (NBDs), which are highly conserved 
throughout the family, and two transmembrane domains'. In 
prokaryotes these domains are often separate subunits which are 
assembled into a membrane-bound complex; in eukaryotes the 
domains are generally fused into a single polypeptide chain. The 
periplasmic histidine permease of S. typhimurium and E co/i M ~ fl is a 
well-characterized ABC transporter that is a good model for this 
superfamily It consists of a membrane-bound complex, HisQMP 2 , 
which comprises integral membrane subunits, HisQ and HisM, and 
two copies of HisP, the ATP-binding subunit. HisP, which has 
properties intermediate between those of integral and peripheral 
membrane proteins 9 , is accessible from both sides of the membrane, 
presumably by its interaction with HisQ and HisM 6 . The two HisP 
subunits form a dimer, as shown by their cooperativity in ATP 
hydrolysis 5 , the requirement for both subunits to be present for 
activity 8 , and the formation of a HisP dimer upon chemical cross - 
linking. Soluble HisP also forms a dimer 3 . HisP has been purified 
and characterized in an active soluble form 3 which can be recon- 
stituted into a fully active membrane-bound complex*. 

The overall shape of the crystal structure of the HisP monomer is 
that of an T with two thick arms (arm I and arm II); the ATP- 
binding pocket is near the end of arm I (Fig. 1). A six-stranded p- 
sheet ( p3 and p8-p 12) spans both arms of the L, with a domain of a 
a- plus P-type structure (pi, P2, p4-p7, al and c<2) on one side 
(within arm I) and a domain of mostly a-helices (a3-a9) on the 




Figure 1 Crystal structure of HisP. a, View of the dimer along an axis 
perpendicular to its two-fold axis. The top and bottom of the dinner are suggested 
to face towards the periplasmic and cytoplasmic sides, respectively (see text). 
The thickness of arm II is about 25 A, comparable to that of membrane. a-Helices 
are shown in orange and B-sheets in green, b, View along the two-fold axis of the 
HisP dimer, showing the relative displacement of the monomers not apparent in 
a. The p-strands at the dimer interface are labelled, c, View of one monomer from 
the bottom, of arm I, as shown in a, towards arm II, showing the ATP-binding 
pocket, a-c, The protein and the bound ATP are in 'ribbon' and 'ball-and-stick' 
representations, respectively. Key residues discussed in the text are indicated in 
c. These figures were prepared with MOLSCRIPT 29 . N, amino terminus; C, C 
terminus. 
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REAL-TIME DETECTION: APPLICATION TO THE DETECTION OF GENE 
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Gene amplification is a common event in the progression of 
human cancers, and amplified oncogenes have been shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative polymerase-chain-reaction (PCR) method, 
based on fluorescent TaqMan methodology and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real-time, was used to quantify 
gene amplification in tumor DNA. Reactions are character- 
ized by the point during cycling when PCR amplification is still 
in the exponential phase, rather than the amount of PCR 
product accumulated after a fixed number of cycles. None of 
the reaction components is limited during the exponential 
phase, meaning that values are highly reproducible in reac- 
tions starting with the same copy number. This greatly 
improves the precision of DIM A quantification. Moreover, 
real-time PCR does not require post-PCR sample handling, 
thereby preventing potential PCR-product carry-over con- 
tamination; it possesses a wide dynamic range of quantifica- 
tion and results in much faster and higher sample throughput. 
The real-time PCR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently amplified genes (myc, ccndl and 
erbB2) in breast tumors. Extra copies of myc, ccndl and erbB2 
were observed in 10, 23 and 15%, respectively, of 108 breast- 
tumor DNA; the largest observed numbers of gene copies 
were 4.6, 18.6 and 15.1, respectively. These results correlated 
well with those of Southern blotting. The use of this new 
semi-automated technique will make molecular analysis of 
human cancers simpler and more reliable, and should find 
broad applications in clinical and research settings. Int. I. 
Cancer 78:661 -666, 1 998. 
© 1998 Wiley-Liss, Inc. 

Gene amplification plays an important role in the pathogenesis 
of various solid tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a selective 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
regions, visualized either as extrachromosomal double minutes 
(dmins) or as integrated homogeneously staining regions (HSRs), 
are among the main visible cytogenetic abnormalities in breast 
tumors. Other techniques such as comparative genomic hybridiza- 
tion (CGH) (Kallioniemi et ai, 1 994) have also been used in broad 
searches for regions of increased DNA copy numbers in tumor 
cells, and have revealed some 20 amplified chromosome regions in 
breast tumors. Positional cloning efforts are underway to identify 
the critical gene(s) in each amplified region. To date, genes known 
to be amplified frequently in breast cancers include myc (8q24), 
ccnd\ (llql 3), and erbBl ( 1 7q 1 2-q2 1 ) (for review, see Bieche and 
Lidereau, 1995). 

Amplification of the myc, ccndl, and erbBl proto-oncogenes 
should have clinical relevance in breast cancer, since independent 
studies have shown that these alterations can be used to identify 
sub-populations with a worse prognosis (Berns et ai, 1992; 
Schuuring et ai, 1992; Samon et ai, 1987). Muss et ai (1994) 
. suggested that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy. 

However, published results diverge both in terms of the fre- 
quency of these alterations and their clinical value. For instance, 
over 500 studies in 10 years have failed to resolve the controversy 



surrounding the link suggested by Slamon et ai (1987) between 
erbBl amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic heterogeneity 
of breast cancer, but technical considerations are also probably 
involved. 

Specific genes (DNA) were initially quantified in tumor cells by 
means of blotting procedures such as Southern and slot blotting. 
These batch techniques require large amounts of DNA (5-10 
ug/reaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at all stages of the procedures to 
generate blots of sufficient quality for reliable dosage analysis. 
Recently, PCR has proven to be a powerful tool for quantitative 
DNA analysis, especially with minimal starting quantities of tumor 
samples (small, early-stage rumors and formalin-fixed, paraffin- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product either after a given number of cycles (end-point quantita- 
tive PCR) or after a varying number of cycles during the 
exponential phase (kinetic quantitative PCR). In the first case, an 
internal standard distinct from the target molecule is required to 
ascertain PCR efficiency. The method is relatively easy but implies 
generating, quantifying and storing an internal standard for each 
gene studied. Nevertheless, it is the most frequently applied 
method to date. 

One of the major advantages of the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard curve is sufficient). Moreover, the kinetic method 
has a wide dynamic range (at least 5 orders of magnitude), giving 
an accurate value for samples differing in their copy number. 
Unfortunately, the method is cumbersome and has therefore been 
rarely used. It involves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each aliquot, the amplifica- 
tion product Interest in the kinetic method has been stimulated by a 
novel approach using fluorescent TaqMan methodology and a new 
instrument (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson et ai, 1996; Heid et 
ai, 1996). The TaqMan reaction is based on the 5' nuclease assay 
first described by Holland et ai (1991). The latter uses the 5' 
nuclease activity of Taq polymerase to cleave a specific fluorogenic 
oligonucleotide probe during the extension phase of PCR. The 
approach uses dual-labeled fluorogenic hybridization probes (Lee 
et ai, 1993). One fluorescent dye, co-valently linked to the 5' end 
of the oligonucleotide, serves as a reporter [FAM {i.e., 6-carboxy- 
fluorescein)] and its emission spectrum is quenched by a second 
fluorescent dye, TAMRA (i.e., 6-carboxy-tetramethyl-rhodamine) 
attached to the 3' end. During the extension phase of the PCR 
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cycle, the fluorescent hybridization probe is hydrolyzed by the 
5 '-3' nucleolytic activity of DNA polymerase. Nuclease degrada- 
tion of the probe releases the quenching of FAM fluorescence 
emission, resulting in an increase in peak fluorescence emission. 
The fluorescence signal is normalized by dividing the emission 
intensity of the reporter dye (FAM) by the emission intensity of a 
reference dye (i.e., ROX. 6-carboxy-X-rhodamine) included in 
TaqMan buffer, to obtain a ratio defined as the Rn (normalized 
reporter) for a given reaction tube. The use of a sequence detector 
enables the fluorescence spectra of all 96 wells of the thermal 
cycler to be measured continuously during PCR amplification. 

The real-time PCR method offers several advantages over other 
current quantitative PCR methods (Celi et al, 1994): (i) the 
probe-based homogeneous assay provides a real-time method for 
detecting only specific amplification products, since specific hybri- 
dation of both the primers and the probe is necessary to generate a 
signal; (ii) the C, (threshold cycle) value used for quantification is 
measured when PCR amplification is still in the log phase of PCR 
product accumulation. This is the main reason why Q is a more 
reliable measure of the starting copy number than are end-point 
measurements, in which a slight difference in a limiting component 
can have a drastic effect on the amount of product; (Hi) use of C, 
values gives a wider dynamic range (at least 5 orders of magni- 
tude), reducing the need for serial dilution; (iv) The real-time PCR 
method is run in a closed-tube system and requires no post-PCR 
sample handling, thus avoiding potential contamination; (v) the 
system is highly automated, since the instrument continuously 
measures fluorescence in all 96 wells of the thermal cycler during 
PCR amplification and the corresponding software processes, and 
analyzes the fluorescence data; (vi) the assay is rapid, as results are 
available just one minute after thermal cycling is complete; (vii) the 
sample throughput of the method is high, since 96 reactions can be 
analyzed in 2 nr. 

Here, we applied this semi -automated procedure to determine 
the copy numbers of the 3 most frequently amplified genes in breast 
rumors (myc, ccndl and erfcB2), as well as 2 genes {alb and app) 
located in a chromosome region in which no genetic changes have 
been observed in breast tumors. The results for 108 breast tumors 
were compared with previous Southern-blot data for the same 
samples. 



MATERIAL AND METHODS 
Tumor and blood samples 

Samples were obtained from 108 primary breast tumors removed 
surgically from patients at the Centre Rene Huguenin; none of the 
patients had undergone radiotherapy or chemotherapy. Immedi- 
ately after surgery, the tumor samples were placed in liquid 
nitrogen until extraction of high-molecular-weight DNA. Patients 
were included in this study if the tumor sample used for DNA 
preparation contained more than 60% of tumor cells (histological 
analysis). A blood sample was also taken from 18 of the same 
patients. 

DNA was extracted from tumor tissue and blood leukocytes 
according to standard methods. 

Real-time PCR 

Theoretical basis. Reactions are characterized by the point 
during cycling when amplification of the PCR product is first 
detected, rather than by the amount of PCR product accumulated 
after a fixed number of cycles. The higher the starting copy number 
of the genomic DNA target, the earlier a significant increase in 
fluorescence is observed. The parameter Q (threshold cycle) is 
defined as the fractional cycle number, at which the fluorescence 
generated by cleavage of the probe passes a fixed threshold above 
baseline. The target gene copy number in unknown samples is 
quantified by measuring C t and by using a standard curve to 
determine the starting copy number. The precise amount of 
genomic DNA (based on optical density) and its quality (i.e.. lack 



of extensive degradation) are both difficult to assess. We therefore 
also quantified a control gene (alb) mapping to chromosome region 
4qll-ql3, in which no genetic alterations have been found in 
breast-tumor DNA by means of CGH (Kallioniemi et al., 1 994). 

Thus, the ratio of the copy number of the target gene to the copy 
number of the alb gene normalizes the amount and quality of 
genomic DNA. The ratio defining the level of amplification is 
termed 4 'N", and is determined as follows: 

copy number of target gene (app, myc, ccndl, erbB2) 

N = ■ 1 1 . 

copy number of reference gene (alb) 

Primers, probes, reference human genomic DNA and PCR 
consumables. Primers and probes were chosen with the assistance 
of the computer programs Oligo 4.0 (National Biosciences, Ply- 
mouth, MN), EuGene (Daniben Systems, Cincinnati, OH) and Primer 
Express (Perkin-Elmer Applied Biosystems, Foster City, CA). 

Primers were purchased from DNAgency (Malvem, PA) and 
probes from Perkin-Elmer Applied Biosystems. 

Nucleotide sequences for the oligonucleotide hybridization 
probes and primers are available on request. 

The TaqMan PCR Core reagent kit, Micro Amp optical tubes, 
and MicroAmp caps were from Perkin-Elmer Applied Biosystems. 

Standard-curve construction. The kinetic method requires a 
standard curve. The latter was constructed with serial dilutions of 
specific PCR products, according to Piatak et al. (1993). In 
practice, each specific PCR product was obtained by amplifying 20 
ng of a standard human genomic DNA (Boehringer, Mannheim, 
Germany) with the same primer pairs as those used later for 
real-time quantitative PCR. The 5 PCR products were purified 
using MicroSpin S-400 HR columns (Pharmacia, Uppsala, Swe- 
den) electrophorezed through an acrylamide gel and stained with 
ethidium bromide to check their quality. The PCR products were 
then quantified spectrophotometrically and pooled, and serially 
diluted 10- fold in mouse genomic DNA (Clontech, Palo Alto, CA) 
at a constant concentration of 2 ng/ul. The standard curve used for 
real-time quantitative PCR was based on serial dilutions of the pool 
of PCR products ranging from 10" 7 (10 5 copies of each gene) to 
10"'° (10 2 copies). This series of diluted PCR products was 
aliquoted and stored at -80°C until use. 

The standard curve was validated by analyzing 2 known 
quantities of calibrator human genomic DNA (20 ng and 50 hg). 

PCR amplification. Amplification mixes (50 ul) contained the 
sample DNA (around 20 ng, around 6600 copies of disomic genes), 
10X TaqMan bufTer (5 ul), 200 uM dATP, dCTP, dGTP, and 400 
uM dUTP, 5 mM MgCl 2 , 1.25 units of AmpliTaq Gold, 0.5 units of 
AmpErase uracil N-glycosylase (UNG), 200 nM each primer and 
100 nM probe. The thermal cycling conditions comprised 2 min at 
50°C and 10 min at 95°C. Thermal cycling consisted of 40 cycles at 
95°C for 15 s and 65°C for 1 min. Each assay included: a standard 
curve (from 10 5 to 10 2 copies) in duplicate, a no-template control, 
20 ng and 50 ng of calibrator human genomic DNA (Boehringer) in 
triplicate, and about 20 ng of unknown genomic DNA in triplicate 
(26 samples can thus be analyzed on a 96-welI microplate). All 
samples with a coefficient of variation (CV) higher than 10% were 
retested. 

All reactions were performed in the ABI Prism 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems), which 
detects the signal from the fluorogenic probe during PCR. 

Equipment for real-time detection. The 7700 system has a 
built-in thermal cycler and a laser directed via fiber optical cables 
to each of the 96 sample wells. A charge-coupled-device (CDD) 
camera collects the emission from each sample and the data are 
analyzed automatically. The software accompanying the 7700 
system calculates Q and determines the starting copy number in the 
samples. 



GENE AMPLIFICATION BY REAL-TIME PCR 



663 



Determination of gene amplification. Gene amplification was 
calculated as described above. Only samples with an N value 
higher than 2 were considered to be amplified. 

RESULTS 

To validate the method, real-time PCR was performed on 
genomic DNA extracted from 108 primary breast tumors, and 18 
normal leukocyte DNA samples from some of the same patients. 
The target genes were the myc, ccndl and erbB2 proto-oncogenes, 
and the (3-amyloid precursor protein gene (app), which maps to a 
chromosome region (21q21.2) in which no genetic alterations have 
been found in breast tumors (Kallioniemi et al., 1994). The 
reference disomic gene was the albumin gene {alb, chromosome 
4qll-ql3). 



Validation of the standard curve and dynamic range 
of real-time PCR 

The standard curve was constructed from PCR products serially 
diluted in genomic mouse DNA at a constant concentration of 
2 ng/ul. It should be noted that the 5 primer pairs chosen to analyze 
the 5 target genes do not amplify genomic mouse DNA (data not 
shown). Figure 1 shows the real-time PCR standard curve for the 
alb gene. The dynamic range was wide (at least 4 orders of 
magnitude), with samples containing as few as 10 2 copies or as 
many as 10 5 copies. 

Copy-number ratio of the 2 reference genes (app and alty 

The app to alb copy-number ratio was determined in 1 8 normal 
leukocyte DNA samples and all 108 primary breast-tumor DNA 
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cure 1 - Albumin {alb) gene dosage by real-time PCR. Top: Amplification plots for reactions with starting alb gene copy number ranging 
10 5 (A9), 10 4 (A7), 10 3 (A4) to 10 5 (A2) and a no-template control (Al). Cycle number is plotted vs. change in normalized reporter signal 



Figure 1 
from ] 

(ARn). For each reaction tube, the fluorescence signal of the reporter dye (FAM) is divided by thefluorescence sipial of the passive reference dye 
(ROX), to obtain a ratio defined as the normalized reporter signal (Rn). ARn represents the normalized reporter signal (Rn) minus the baseline 
signal established in the first 15 PCR cycles. ARn increases during PCR as alb PCR product copy number increases until the reaction reaches a 
plateau. C, (threshold cycle) represents the fractional cycle number at which a significant increase in Rn above a baseline signal (horizontal black 
line) can first be detected. Two replicate plots were performed for each standard sample, but the data for only one are shown here. Bottom: 
Standard curve plotting log starting copy number vs. C, (threshold cycle). The black dots represent the data for standard samples plotted in 
duplicate and the red dots the data for unknown genomic DNA samples plotted in triplicate. The standard curve shows 4 orders of linear dynamic 
range. 
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samples. We selected these 2 genes because they are located in 2 
chromosome regions (app, 2 1 q2 1 .2; alb, 4qll-ql3) in which no 
obvious genetic changes (including gains or losses) have been 
observed in breast cancers (Kallioniemi et aL, 1 994). The ratio for 
the 18 normal leukocyte DNA samples fell between 0.7 and 1.3 
(mean 1.02 ± 0.21), and was similar for the 108 primary breast- 
tumor DNA samples (0.6 to 1.6, mean 1.06 ± 0.25), confirming 
that alb and app are appropriate reference disomic genes for 
breast-tumor DNA. The low range of the ratios also confirmed that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
subject's DNA would have resulted in differential amplification. 

myc, ccndl and erb52 gene dose in normal leukocyte DNA 

To determine the cut-off point for gene amplification in breast- 
cancer tissue, 18 normal leukocyte DNA samples were tested for 
the gene dose (N), calculated as described in " Material and 
Methods* 1 . The N value of these samples ranged from 0.5 to 1.3 
(mean 0.84 ± 0.22) for myc, 0.7 to 1.6 (mean 1.06 ± 0.23) for 
ccndl and 0.6 to 1 .3 (mean0.9 1 ± 6. 19) for erbB2. Since N values 
for myc, ccndl and erb&2 in normal leukocyte DNA consistently 
fell between 0.5 and 1.6, values of 2 or more were considered to 
represent gene amplification in tumor DNA. 

myc, ccndl and crbB2 gene dose in breast-tumor DNA 

myc. ccndl and erbB2 gene copy numbers in the 108 primary 
breast tumors are reported in Table I. Extra copies of ccndl were 
more frequent (23%, 25/108) than extra copies of erbB2 (15%, 
16/108) and myc (10%, 11/108), and ranged from 2 to 18.6 for 
ccndl, 2 to 15.1 for erbB2, and only 2 to 4.6 for the myc gene. 
Figure 2 and Table II represent tumors in which the ccndl gene was 
amplified 16-fold (T145), 6-fold (T133) and non-amplified (T118). 
The 3 genes were never found to be co-amplified in the same tumor. 
erbB2 and ccndl were co-amplified in only 3 cases, myc and ccndl 
in 2 cases and myc and erbB2 in 1 case. This favors the hypothesis 
that gene amplifications are independent events in breast cancer. 
Interestingly, 5 tumors showed a decrease of at least 50% in the 
erbB2 copy number (N < 0.5), suggesting that they bore deletions 
of the 17q21 region (the site of erbB2). No such decrease in copy 
number was observed with the other 2 proto-oncogenes. 

. Comparison of gene dose determined by real-time quantitative 
PCR and Southern-blot analysis 

Southern-blot analysis of myc, ccndl and erbB2 amplifications 
had previously been done on the same 1 08 primary breast tumors. A 
perfect correlation between the results of real-time PCR and 
Southern blot was obtained for tumors with high copy numbers 
(N ^ 5). However, there were cases (1 myc, 6 ccndl and 4 erbB2) 
in which real-time PCR showed gene amplification whereas 
Southern-blot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays are 
currently limited, but would certainly increase if a simple, standard- 
ized and rapid method were perfected. Gene amplification status 
has been studied mainly by means of Southern blotting, but this 
method is not sensitive enough to detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of amplification 
values. Southern blotting is also time-consuming, uses radioactive 



TABLE I - DISTRIBUTION OF AMPLIFICATION LEVEL (N) FOR myc. 
ccndl AND erbB2 GENES IN 108 HUMAN BREAST TUMORS 



Gene 




Amplification level (N) 




<0.5 


0.5-1.9 2-4.9 


as 


myc 


0 


97 (89.8%) 11 (10.2%) 


0 


ccndl 


0 


83 (76.9%) 17(15.7%) 


8 (7.4%) 


erbBl 


5 (4.6%) 


87 (80.6%) 8 (7.4%) 


8 (7.4%) 



reagents and requires relatively large amounts of high-quality 
genomic DNA, which means it cannot be used routinely in many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target gene from minimal 
quantities of tumor DNA (small early-stage tumors, cytopuncture 
specimens or formalin-fixed, paraffin-embedded tissues). 

In this study, we validated a PCR method developed for the 
quantification of gene over-representation in rumors. The method, 
based on real-time analysis of PCR amplification, has several 
advantages over other PCR-based quantitative assays such as 
competitive quantitative PCR (Celi et aL, 1 994). First, the real-time 
PCR method is performed in a closed-tube system, avoiding the 
risk of contamination by amplified products. Re-amplification of 
carryover PCR products in subsequent experiments can also be 
prevented by using the enzyme uracil N-glycosylase (UNG) 
(Longo et aL; 1990). The second advantage is. the simplicity and 
rapidity of sample analysis, since no post-PCR manipulations are 
required. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the number of 
copies of a target gene in more than 100 tumors per day. Third, the 
system has a linear dynamic range of at least 4 orders of magnitude, 
meaning that samples do not have to contain equal starting amounts 
of DNA. This technique should therefore be suitable for analyzing 
formalin-fixed, paraffin-embedded tissues. Fourth, and above all, 
real-time PCR makes DNA quantification much more precise and 
reproducible, since it is based on C, values rather than end-point 
measurement of the amount of accumulated PCR product. Indeed, 
the ABI Prism 7700 Sequence Detection System enables C, to be 
calculated when PCR amplification is still in the exponential phase 
and when none of the reaction components is rate-limiting. The 
within-run CV of the C, value for calibrator human DNA (5 
replicates) was always below 5%, and the between-assay precision 
in 5 different runs was always below 10% (data not shown). In 
addition, the use of a standard curve is not absolutely necessary, 
since the copy number can be determined simply by comparing the 
Q ratio of the target gene with that of reference genes. The results 
obtained by the 2 methods (with and without a standard curve) are 
similar in our experiments (data not shown). Moreover, unlike 
competitive quantitative PCR, real-time PCR does not require an 
internal control (the design and storage of internal controls and the 
validation of their amplification efficiency is laborious). 

The only potential disavantage of real-time PCR, like all other 
PCR-based methods and solid-matrix blotting techniques (South- 
ern blots and dot blots) is that is cannot avoid dilution artifacts 
inherent in the extraction of DNA from tumor cells contained in 
heterogeneous tissue specimens. Only FISH and immunohistochem- 
istry can measure alterations on a cell-by-cell basis (Pauietti et aL. 
1996; Slamon et aL, 1989). However, FISH requires expensive 
equipment and trained personnel and is also time-consuming. 
Moreover, FISH does not assess gene expression and therefore 
cannot detect cases in which the gene product is over-expressed in 
the absence of gene amplification, which will be possible in the 
future by real-time quantitative RT-PCR. Immunohistochemistry is 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the procedure, the 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining. 

The results of this study are in agreement with those reported in 
the literature. (/) Chromosome regions 4qll-qi3 and 21q21.2 
(which bear alb and app, respectively) showed no genetic alter- 
ations in the breast-cancer samples studied here, in keeping with 
the results of CGH (Kallioniemi et aL, 1994). {it) We found that 
amplifications of these 3 oncogenes were independent events, as 
reported by other teams (Berns e/ aL. 1992; Borg et aL, 1992). (Hi) 
The frequency and degree of myc amplification in our breast tumor 
DNA series were lower than those of ccndl and erbB2 amplifica- 
tion, confirming the findings of Borg et aL (1 992) and Courjal et aL 
(1997). (iv) The maxima of ccndl and erbB2 over-representation 
were 1 8- fold and 1 5-fold, also in keeping with earlier results (about 
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Figure 2 - ccndl and alb gene dosage by real-time PCR in 3 breast tumor samples: Tl 18 (El 2, C6, black squares), Tl 33 (Gl 1 , B4, red squares) 
andT145 (A8, C8, blue squares). Given the C, of each sample, the initial copy number is inferred from the standard curve obtained during the same 
experiment Triplicate plots were performed for each tumor sample, but the data for only one are shown here. The results are shown in Table II. 

30-fold maximum) (Bemse/tf/., 1992; Borge/a/., 1992; Courjal et et ai. 1996). Our results also correlate well with those recently 

ai, 1997). (v) The erb&2 copy numbers obtained with real-time published by Gelmini et ai ( 1 997), who used the TaqMan system to 

PCR were in good agreement with data obtained with other measure erb&2 amplification in a small series of breast tumors 

quantitative PCR-based assays in terms of the frequency and (n = 25), but with ah instrument (LS-5 OB luminescence spectrom- 

degree of amplification (An etai, 1995; Deng et ai, 1996; Valeron eter, Perkin-Elmer Applied Biosystems) which only allows end- 
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TABLE II - EXAMPLES OF ccndl GENE DOSAGE RESULTS 
FROM 3 BREAST TUMORS 1 



Tumor 




ccndj 






alb 




Hccndl/alb 


Copy 
number 


Mean 


SD 


Copy 
number 


Mean 


SD 


Til 8 


4525 






4223 










4605 


4603 


77 


4365 


4325 


89 


1.06 




4678 






4387 








T133 


59821 






9787 










61659 


61100 


1111 


10092 


10137 


375 


6.03 




61821 






10533 








T145 


128563 






7321 










125892 


125392 


3448 


7762 


7672 


316 


16.34 




121722 






7933 









'For each sample, 3 replicate experiments were performed and the mean 
and the standard deviation (SD) was determined. The level of ccndl gene 
amplification (Nccndl/alb) is determined by dividing the average ccndl 
copy namber value by the average alb copy number value. 



point measurement of fluorescence intensity. Here we report myc 
and ccndl gene dosage in breast cancer by means of quantitative 
PCR. (vi) We found a high degree of concordance between 
real-time quantitative PCR and Southern blot analysis in terms of 
gene amplification, especially for samples with high copy numbers 
(>5-foldj. The slightly higher frequency of gene amplification 
(especially ccndl and erbB2) observed by means of real-time 
quantitative PCR as compared with Southern -blot analysis may be 
explained by the higher sensitivity of the former method. However, 
we cannot rule out the possibility that some tumors with a few extra 



gene copies observed in real-time PCR had additional copies of an 
arm or a whole chromosome (trisomy, tetrasomy or polysomy) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysomy and gene amplification) could be easily 
distinguished in the future by using an additional probe located on 
the same chromosome arm, but some distance from the target gene. 
It is noteworthy thai high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg et a I., 1992; 
Slamon e/ a/., 1987). 

Finally, this technique can be applied to the detection of gene 
deletion as well as gene amplification. Indeed, we found a 
decreased copy number of erbBl (but not of the other 2 proto- 
oncogenes) in several tumors; erb&2 is located in a chromosome 
region (17q21) reported to contain both deletions and amplifica- 
tions in breast cancer (Bieche and Lidereau, 1995). 

In conclusion, gene amplification in various cancers can be used 
as a marker of pre-neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment. Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex. 
Real-time quantitative PCR overcomes both these limitations, and 
is a sensitive and accurate method of analyzing large numbers of 
samples in a short time. It should find a place in routine clinical 
gene dosage. 

ACKNOWLEDGEMENTS 

RL is a research director at the Institut National de la Sante et de 
la Recherche Medicale (INSERM). We thank the staff of the Centre 
Rene Huguenin for assistance in specimen collection and patient 
care. 



REFERENCES 



AN, H.X., NlEDERACHER, D., BECKMANN, M.W., GOHRING, U.J., SCHARL, A., 

Picard, F., Van Roeyen, C, SchnGrch, H.G. and Bender, H.G., erbB2 
gene amplification detected by fluorescent differential polymerase chain 
reaction in paraffin-embedded breast carcinoma tissues. Int. J. Cancer 
(Pred. Oncol.). 64, 291-297 (1995). 

Berns, E.MJJ., Klun, J.G.M., Van Putten, W.LJ., Van Staveren, I.L., 
Portengen, H. and FOEKENS, J. A., c-myc amplification is a better prognos- 
tic factor than HER2Jneu amplification in primary breast cancer. Cancer 
«er.; 52, 1 107-1 113 (1992). 

Biecho, I. and Lidereau, R., Genetic alterations in breast cancer. Genes 
Chrom. Cancer, 14,227-251 (1995). 

Borg, A., Baldetorp, B., Ferno, M., Olsson, H. and Sigurdsson, H., 
c-myc amplification is an independent prognostic factor in post- menopausal 
breast cancer. Int. J. Cancer, 51, 687—691 (1992). 

Celi, F.S., Cohen, M.M., Antonarakis, S.E., Wertheimer, E., Roth, J. 
and Shuldiner, A.R., Determination of gene dosage by a quantitative 
adaptation of the polymerase chain reaction (gd-PCR): rapid detection of 
deletions and duplications of gene sequences. Genomics, 21, 304-310 
(1994). 

Courjal, F., Cuny, M., Simony -Lafontaine, J., Louasson, G., Speiser, P., 
Zollinger, R., Rodriguez, C. and Theillet, C, Mapping of DNA 
amplifications at 15 chromosomal localizations in 1875 breast tumors: 
definition of phenotypic groups. Cancer Res., 57, 4360-4367 (1997). 

Deng, G., Yu, M., Chen, L.C., Moore, D., Kajrisu, W., Kallioniemi, A., 
Waldman, F.M., Collins, C. and Smith, H.S., Amplifications of oncogene 
erbB-2 and chromosome 20q in breast cancer determined by differentially 
competitive polymerase chain reaction. Breast Cancer Res. Treat., 40, 
271-281 (1996). 

Gelmini, S., Oriando, C, Sestini, R., Vona, G., Pinzani, P., Ruocco, L. 
and Pazzagli, M., Quantitative polymerase chain reaction-based homoge- 
neous assay with fluorogenic probes to measure c-erB-2 oncogene amplifi- 
cation. Clin. Chem., 43, 752-758 (1997). 

Gibson, U.E.M., Heid, C.A. and Williams, P.M., A novel method for 
real-time quantitative RT-PCR. Genome Res.. 6,995-1001 (1996). 

Heid, C.A., Stevens, J., Livak, K.J. and Williams, P.M., Real-time 
quantitative PCR. Genome Res., 6, 986-994 (1 996). 

Holland, P.M., Abramson, R.D., Watson, R. and Gelfand, D.H., 
Detection of specific polymerase chain reaction product by utilizing the 5' 
to 3' exonuclease activity of Thermits aquaticus DNA polymerase. Proc: 
nat. Acad. Sci. (Wash.), 88, 7276-7280 (1991). 



Kallioniemi, A., Kallioniemi, O.P., Piper, J., Tanner, M., Stokkes, T., 
Chen, L., Smith, H.S., Pinkel, D., Gray, J. W. and Waldman, F.M., 
Detection and mapping of amplified DNA sequences in breast cancer by 
comparative genomic hybridization. Proc. nat. Acad. Sci. (Wash.), 91, 
2156-2160(1994). 

Lee, L.G., Connell, C.R. and Bioch, W., Allelic discrimination by 
nick -translation PCR with fluorogenic probe. Nucleic Acids Res., 21, 
3761-3766(1993). 

Longo, N., Berninger, N.S. and Hartley, J.L., Use of uracil DNA 
glycosylase to control carry-over contamination in polymerase chain 
reactions. Gene, 93, 125-128 (1990). 

Muss, H.B., Thor, A.D., Berry, D.A., Kute, T., Liu, E.T., Koerner, F., 
Cirrincione, C.T., Budman, D.R., Wood, W.C., Barcos, M. and Hender- 
son, l.C, c-er6B-2 expression and response to adjuvant therapy in women 
with node-positive early breast cancer. New Engl. J. Med., 330, 1260-1266 
(1994). 

Pauletti, G., Godolphin, W., Press, M.F. and Salmon, D.J., Detection and 
quantification of HER-2/new gene amplification in human breast cancer 
archival material using fluorescence in situ hybridization. Oncogene, 13, 
63-72(1996). 

Piatak, M., Luk, K.C., Williams, B. and Lifson, J.D., Quantitative 
competitive polymerase chain reaction for accurate quantitation of HIV 
DNA and RN A species. Biotechniques, 1 4, 70-80 (1 993). . 

Schuuring, E., Verhoeven, E., Van Tinteren, H., Peterse, J.L., Nunnik, 
B., Thunnissen, F.B.J.M., Devilee, P., Cornelisse, C.J., Van de Vijver, 
M.J., Mooi, WJ. and Michalides, R.J.A.M., Amplification of genes within 
the chromosome 1 lq!3 region is indicative of poor prognosis in patients 
with operable breast cancer. Cancer Res., 52, 5229-5234 (1992). . 

Slamon, D.J., Clark, G.M., Wong, S.G., Levin, W.S., Ullrich, A. and 
McGuiRE, W.L., Human breast cancer: correlation of relapse and survival 
with amplification of the HEK-2/neu oncogene. Science, 235, 177-182 
(1987). 

Slamon, D.J., Godolphin, W., Jones, L.A., Holt, J.A., Wong, S.G., Keith, 
D.E., Levin, W.J M Stuart, S.G., Udove, J., Ullrich, A. and Press, M.F., 
Studies of the HER-2/neu proto-oncogene in human breast and ovarian 
cancer. Science. 244, 707-7 12(1 989). 

Valeron, P.F., Chirino, R m Fernandez, L., Torres, S., Navarro, D., 
Aguiar, J., Cabrera, J.J., Diaz-Chico, B.N. and Diaz-Chico, J.C, 
Validation of a differential PCR and an EL1SA procedure in studying 
HER-2/new status in breast cancer. Int. J. Cancer, 65, 129-133 (1996). 



length PRO 1 555 sequence shown in Figure 34 evidences the presence of the following: a signal peptide from about 
amino acid 1 to about amino acid 31; transmembrane domains from about amino acid 1 1 to about amino acid 32 and 
from about amino acid 195 to about amino acid 217; a potential N-glycosylation site from about amino acid 1 1 1 to 
about amino acid 115; potential casein kinase II phosphorylation sites from about amino acid 2 to about amino acid 
6, from about amino acid 98 to about amino acid 102, and from about amino acid 191 to about amino acid 195; and 
potential N-myristoylation sites from about amino acid 1 46 to about amino acid 1 52, and from about amino acid 1 92 
to about amino acid 198. Clone DNA73744-1665 has been deposited with ATCC on October 6, 1998 and is 
assigned ATCC deposit no. 203322. 

An analysis of the Dayhoff database (version 35.45 SwissProt 35), using a WU-BLAST2 sequence 
alignment analysis of the full-length sequence shown in Figure 34 (SEQ ID NO:49), evidenced some homology 
between the PR01555 amino acid sequence and the following Dayhoff sequences: YKA4_CAEEL, AB014541_1, 
HVSX99518_2, SSU63019 1, GEN14286, MMU68267J, XP2_XENLA, ICP4_HSV11, P_W40200, and 
AE001360J. 

EXAMPLE 20 
Gene Amplification 

This example shows that the PR0381-, PR01269-, PRO1410-, PR01755-, PRO1780-, PR01788-, 
PR03434-, PR01927-, PR03567-, PR01295-, PR01293-, PRO1303-, PR04344-, PR04354-, PR04397-, 
PRO4407-, PRO 1 555-, PRO1096-, PRO2038- or PR02262-encoding genes are amplified in the genome of certain 
human lung, colon and/or breast cancers and/or cell lines. Amplification is associated with overexpression of the 
gene product, indicating that the polypeptides are useful targets for therapeutic intervention in certain cancers such as 
colon, lung, breast and other cancers. Therapeutic agents may take the form of antagonists of PR0381, PR01269, 
PRO1410, PR01755, PRO1780, PR01788, PR03434, PR01927, PR03567, PR01295, PR01293, PRO1303, 
PR04344, PR04354, PR04397, PRO4407, PR01555, PRO1096, PRO2038 or PR02262 polypeptides, for 
example, murine-human chimeric, humanized or human antibodies against a PR0381, PRO 1269, PROM 10, 
PR01755, PRO1780, PR01788, PR03434, PRO 1927, PR03567, PR01295, PR01293, PRO1303, PR04344, 
PR04354, PR04397, PRO4407, PR01555, PRO1096, PRO2038 or PR02262 polypeptide. 

The starting material for the screen was genomic DNA isolated from a variety of cancers. The DNA is 
quantitated precisely, e.g., fluorometrically. As a negative control, DNA was isolated from the cells often normal 
healthy individuals which was pooled and used as assay controls for the gene copy in healthy individuals (not 
shown). The 5* nuclease assay (for example, TaqMan™) and real-time quantitative PCR (for example, ABI Prizm 
7700 Sequence Detection System™ (Perkin Elmer, Applied Biosystems Division, Foster City, CA)), were used to 
find genes potentially amplified in certain cancers. The results were used to determine whether the DNA encoding 
PR0381, PR01269, PRO1410, PR01755, PRO1780, PR01788, PR03434, PR01927, PR03567, PR01295, 
PR01293, PRO1303, PR04344, PR04354, PR04397, PRO4407, PR01555, PRO1096, PRO2038 or PR02262 is 
over-represented in any of the primary lung or colon cancers or cancer cell lines or breast cancer cell lines that were 
screened. The primary lung cancers were obtained from individuals with tumors of the type and stage as indicated in 
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Table 4. An explanation of the abbreviations used for the designation of the primary tumors listed in Table 4 and the 
primary tumors and cell lines referred to throughout this example has been given hereinbefore. 

The results of the TaqMan™ are reported in delta (A) Ct units. One unit corresponds to 1 PCR cycle or 
approximately a 2-fold amplification relative to normal, two units corresponds to 4-fold, 3 units to 8-fold 
amplification and so on. Quantitation was obtained using primers and a TaqMan™ fluorescent probe derived from 
the PR0381-, PR01269-, PRO1410-, PR01755-, PRO1780-, PR01788-, PR03434-, PR01927-, PR03567-, 
PR01295-, PR01293-, PRO1303-, PR04344-, PR04354-, PR04397-, PRO4407-, PR01555-, PRO1096-, 
PRO2038- or PR02262-encoding gene. Regions of PR0381, PR01269, PRO1410, PRO 1755, PRO1780, 
PR01788, PR03434, PR01927, PR03567, PR01295, PR01293, PRO1303, PR04344, PR04354, PR04397, 
PRO4407, PR01555, PRO1096, PRO2038 or PR02262 which are most likely to contain unique nucleic acid 
sequences and which are least likely to have spliced out introns are preferred for the primer and probe derivation, 
e.g., 3'-untranslated regions. The sequences for the primers and probes (forward, reverse and probe) used for the 
PR0381, PR01269, PRO1410, PR01755, PRO1780, PR01788, PR03434, PR01927, PR03567, PR01295, 
PR01293, PRO1303, PR04344, PR04354, PR04397, PRO4407, PR01555, PRO1096, PRO2038 or PR02262 
gene amplification analysis were as follows: 

PRQ381 (PNA44194-1317V 
44194.tm.f: 

5'-CTTTGAATAGAAGACTTCTGGACAATTT-3' (SEQ ID NO:56) 

44194.tm.p: 

5'-TTGCAACTGGGAATATACCACGACATGAGA-3' (SEQ ID NO:57) 
44194.tm.r: 

5'-TAGGGTGCTAATTTGTGCTATAACCT-3' (SEQ ID NO:58) 

44194.tm.f2: 

S'-GGCTCTGAGTCTCTGCTTGA^ 1 (SEQ ID NO:59) 

44194.tm.p2: 

5 , -TCCAACAACCATTTTCCTCTGGTCC-3' (SEQ ID NO:60) 

44194.tm.r2: 

5'-AAGCAGTAGCCATTAACAAGTCA-3' (SEQ ID NO:61) 



PRQ1269 (DNA66520-1536) 
66520.tm.fl: 

5'-AAAGGACACCGGGATGTG-3' (SEQ ID NO:62) 
66520.tm.pl: 

5-AGCGTACACTCTCTCCAGGCAACCAG-3' (SEQ ID NO:63) 
66520.tm.rl: 

5'-CAATTCTGGATGAGGTGGTAGA-3' (SEQ ID NO:64) 
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PRO1410 (DNA68874-1622) 
68874.tm.fl: 

S'-CAGGACTGAGCGCTTGTTTAO' (SEQ ID NO:65) 

68874.tm.pl: 

S'-CAAAGCGCCAAGTACCGGACCO' (SEQ ID NO:66) 

68874.tm.rl: 

S'-CCAGACCTCAGCCAGGAAO' (SEQ ID NO:67) 



PR01755 fDNA76396-1698) 
76396.tm.fl: 

5'-TCATGGTCTCGTCCCATTC-3' (SEQ ID NO:68) 

76396.tm.pl: 

5 , -CACCATTTGTTTCTCTGTCTCCCCATC-3 , (SEQ ID NO:69) 

76396.tm.rl: 

5'-CCGGCATCCTTGGAGTAG-3' (SEQ ID NO:70) 



PRQ1780 rDNA71169-1709) 
71169.tm.fl: 

5 f -CTCTGGTGCCCACAGTGA-3' (SEQ ID N0:71) 

71169.tm.pl: 

5'-CCATGCCTGCTCAGCCAAGAA-3' (SEQ ID NO:72) 

71169.tm.rl: 

5-CAGGAAATCTGGAAACCTACAGT-3' (SEQ ID NO:73) 

PRQ1788 (DNA77652-2505) 
77652.tm.fl: 

5-TCCCCATTAGCACAGGAGTA-3' 
77652.tm.pl: 

5 , -AGGCTCTTGCCTGTCCTGCTGCT-3 t 
77652.tm.rl: 

S'-GCCCAGAGTCCCACTTGTO* 

PRQ3434 (DNA77631-2537) 
.77631.tm.fl: 



(SEQ ID NO:74) 
(SEQ ID NO:75) 
(SEQ ID NO:76) 
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5'-GTCCAGCAAGCCCTCATT-3' (SEQ ID NO:77) 
77631.tm.pl: 

5'-CTTCTGGGCCACAGCCCTGC-3' (SEQ ID NO:78) 
77631.tm.rl: 

5 , -CAGTTCAGGTCGTTTCATTCA-3 t (SEQ ID NO:79) 



PRQ1927 rDNA82307-2531) 
82307 .tm.fl: 

5-CCAGTCAGGCCGTTTTAGA-3' (SEQ ID NO:80) 
82307.tm.pl: 

S'-CGGGCGCCCAAGTAAAAGCTC-S' (SEQ ID NO:81) 
82307.tm.rl: 

5'-CATAAAGTAGTATATGCATTCCAGTGTT-3' (SEQ ID NO:82) 



PRQ3567 fDNA56049-2543 > ) 
56049.tm.fl: 

5 '-GG AAATGGTCTCAAGGGAAA-3 1 (SEQ ID NO:83) 
56049.tm.pl: 

5 , -TCACTTTGACCCTGTCTTGGAACGTC-3' (SEQ ID NO:84) 
56049.tm.rl: 

5 , -GGTAGAATTCCAGCATTTGGTA-3 t (SEQ ID NO:85) 



PRQ1295 (DNA59218-1559 > i 
59218.tm.fl: 

5'-AGGACTTGCCCTCAGGAA-3' (SEQ ID NO:86) 

59218.tm.rl: 

5-CGCAGGACAGTTGTGAAAATA-3* (SEQ ID NO:87) 
59218.tm.pl: 

5 , -ATGACGCTCGTCCAAGGCCAC-3 t (SEQ ID NO:88) 

PR01293 (DNA606 18-1 557) 
60618.tm.fl: 

5'-CCCACCTGTACCACCATGT.3' (SEQ ID NO:89) 
60618.tm.pl: 

S'-ACTCCAGGCACCATCTGTTCTCCCO' (SEQ ID NO:90) 
60618.tm.rl: 

5'-AAGGGCTGGCATTCAAGTU-3' (SEQ ID NO:91) 
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PRO1303 (DNA65409-1566) 



65409.tm.fl: 

5'-CTGGCCCTCAGAGCACCAAT-3' (SEQ ID NO:92) 
65409.tm.pl: 

5'-TCCTCCATCACTTCCCCTAGCTCCA-3' (SEQ ID NO:93) 
65409.tm.rl: 

5'-CTGGCAGGAGTTAAAGTTCCAAGA-3' (SEQ ID NO:94) 

PRQ4344 rDNA84927-2585) 
84927.tm.fl: 

5 , -GGGCAACAGCCTGAGAGT-3 , (SEQ ID NO:95) 
84927.tm.pl: 

5 , -ACTCAGTGTTGATTCTCTATCGTGATGCG-3 , (SEQ ID NO:96) 
84927.tm.rl: 

5'-GAGCAGCAGGCATCAATTT-3' (SEQ ID NO:97) 



PRQ4354 (DNA92256-2596) 
92256.tm.fl: 

5'-GGCCTGG AGTTGCTGAT AA-3 1 (SEQ ID NO:98) 

92256.tm.pl: 

5'-TTGAGCTTAAGTAGACCAAGTATCTATCCCACCTAAA-3' (SEQ ID NO:99) 
92256.tm.rl 

S'-GGTGGGCTCTGGGTTACA-S* (SEQ ID NO: 1 00) 

PRQ4397 (DNA83505-2606) 
83505.tm.fl: 

5'-AGCCGGTTTCCCAGATTAT-3 f (SEQ ID NO:101) 

83505.tm.pl: 

5'-TGCCGTGTATGTGGTTCTTCCCTG-3 f (SEQ ID NO: 1 02) 

83505 .tm.rl: 

5-GAGACAGGCACCTGGTGAT-3' (SEQ ID NO: 103) 

PRO4407 rPNA92264-2616) 
92264.tm.fl: 
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5-TGTTTCTGCCTGGACATCA-3' 



(SEQ ID NO: 104) 



92264.tm.rl: 



5'-GCTTACCGTGGCCTGACT-3' 



(SEQ IDNO:105) 



92264.tm.pl: 

5'-TCCTCAGGGTCCAAGTCCCCAT-3' 



(SEQ ID NO:106) 



PR01555 (DNA73744-1665) 
73744.tm.fl: 

5'-CCTTGAAAAGGACCCAGTTT-3' (SEQ ID NO:107) 

73744.tm.pl: 

5'-ATGAGTCGCACCTGCTGTTCCC-3' (SEQ ID NO:108) 

73744.tm.rl: 

5'-TAGCAGCTGCCCTTGGTA-3' (SEQ ID NO:109) 

73744.tm.f2: 

S'-AACAGCAGOTGCGACTCATCTA-S' (SEQ ID NO: 1 10) 

73744.tm.p2: 

5 f -TGCTAGGCGACGACACCCAGACC-3* (SEQ ID NO:l 11) 

73744.tm.r2 : 

5-TGGACACGTGGCAGTGGA-3' (SEQ ID NO:l 12) 

PRO1096 fDNA61870^ 

61870.tm.fl: 

5'-TGGACCATGAAGCCAGTTT-3' (SEQ ID NO: 1 13) 

61870.tm.pl: 

5 , -CCTTTTTAGTTGGCTAACTGACCTGGAAAGAA-3 , (SEQ ID NO: 1 14) 
61870.tm.rl: 

5*-TGAATAGTCACTTTGAGGTTATTGC-3' (SEQ ID NO: 115) 

PRO2038 TDNA83014) 
83014.tm.fl: 

S'-CCTGGCTCCACCTGTGAT^' (SEQ ID NO: 1 16) 

83014.tm.pl: 

S'-ACCTCCCCCTGCTTCCTGCTGO' (SEQ ID NO: 1 1 7) 

83014.tm.rl: 

S'-CCTCAGACCCCATGAGTG A-3' (SEQ ID NO: 1 1 8) 

PR02262(DNA88273) 
88273.tm.fl: 
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5'-GAGGAATGGCCCAACAGT-3' 



(SEQ ID NO: 11 9) 



88273.tm.pl: 

5-TGGCAGCCACCCTTCAGTGAG-3' 



(SEQ IDNO:120) 



88273 .tm.rl: 



5'-CAGCACATCACGTGTCCA-3 



(SEQ ID NO: 121) 



88273.tm.f2: 



5'-GAGGAATGGCCCAACAGT-3' 



(SEQ ID NO: 122) 



88273.tm.p2: 

5'-TGTCCATGCCCCTGGTCCAC-3' 



(SEQ IDNO:123) 



88273. tm.r2 : 



5-GAGGTACAGAGCAGCACATCA-3' 



(SEQ ID NO:124) 



The 5' nuclease assay reaction is a fluorescent PCR-based technique which makes use of the 5 f exonuclease 
activity of Taq DNA polymerase enzyme to monitor amplification in real time. Two oligonucleotide primers are 
used to generate an amplicon typical of a PCR reaction. A third oligonucleotide, or probe, is designed to detect 
nucleotide sequence located between the two PCR primers. The probe is non-extendible by Taq DNA polymerase 
enzyme, and is labeled with a reporter fluorescent dye and a quencher fluorescent dye. Any laser-induced emission 
from the reporter dye is quenched by the quenching dye when the two dyes are located close together as they are on 
the probe. During the amplification reaction, the Taq DNA polymerase enzyme cleaves the probe in a 
template-dependent manner. The resultant probe fragments disassociate in solution, and signal from the released 
reporter dye is free from the quenching effect of the second fluorophore. One molecule of reporter dye is liberated 
for each new molecule synthesized, and detection of the unquenched reporter dye provides the basis for quantitative 
interpretation of the data. 

The 5* nuclease procedure is run on a real-time quantitative PCR device such as the ABI Prism 7700TM 
Sequence Detection. The system consists of a thermocycler, laser, charge-coupled device (CCD) camera and 
computer. The system amplifies samples in a 96-well format on a thermocycler. During amplification, laser-induced 
fluorescent signal is collected in real-time through fiber optics cables for all 96 wells, and detected at the CCD. The 
system includes software for running the instrument and for analyzing the data. 

5' Nuclease assay data are initially expressed as Ct, or the threshold cycle. This is defined as the cycle at 

which the reporter signal accumulates above the background level of fluorescence. The ACt values are used as 

quantitative measurement of the relative number of starting copies of a particular target sequence in a nucleic acid 

sample when comparing cancer DNA results to normal human DNA results. 

Table 4 describes the stage, T stage and N stage of various primary tumors which were used to screen the 
PR0381, PR01269, PRO1410, PR01755, PRO1780, PR01788, PR03434, PR01927, PR03567, PR01295, 
PR01293, PRO1303, PR04344, PR04354, PR04397, PRO4407, PR01555, PRO1096, PRO2038 or PR02262 
compounds of the invention. 
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Table 4 

Primary Lung and Colon Tumor Profiles 



Primary Tumor 


Stage 


Other Staee Dukes Stage T Stag 


e N Stage 


Human lung tumor AdenoCa (SRCC724) [LT1] 


IIA 






Tl 


Nl 


Human lung tumor SqCCa (SRCC725) [LTla] 


IIB 






T3 


NO 


Human lung tumor AdenoCa (SRCC726) [LT2] 


IB 






T2 


NO 


Human lung tumor AdenoCa (SRCC727) [LT3] 


IIIA 






Tl 


N2 


Human lung tumor AdenoCa (SRCC728) [LT4] 


IB 






T2 


NO 


Human lung tumor SqCCa (SRCC729) [LT6] 


IB 






T2 


NO 


Human lung tumor Aden/SqCCa (SRCC730) [LT7] 


IA 






Tl 


NO 


Human lung tumor AdenoCa (SRCC731) [LT9] 


IB 






T2 


NO 


Human lung tumor SqCCa (SRCC732) [LT10] 


IIB 






T2 


Nl 


Human lung tumor SqCCa (SRCC733) [LT1 1] 


IIA 






Tl 


Nl 


Human lung tumor AdenoCa (SRCC734) [LT12] 


IV 






T2 


NO 


Human lung tumor AdenoSqCCa (SRCC735)[LT13] IB 






T2 


NO 


Human lung tumor zsq^/L^a (aivVAw joj i jj 


IB 






T2 


NO 


Human lung tumor SqCCa (SRCC737) [LT16] 


IB 






T2 


NO 


Human lung tumor SqCCa (SRCC738) [LT17] 


IIB 






T2 


Nl 


Human lung tumor SqCCa (SRCC739) [LT18] 


IB 






T2 


NO 


Human lung tumor SqCCa (SRCC740) [LT19] 


IB 






T2 


NO 


Human lung tumor LCCa (SRCC741) [LT21] 


IIB 






T3 


Nl 


Human lung AdenoCa (SRCC811) [LT22] 


1A 






Tl 


NO 


Human colon AdenoCa (SRCC742) [CT2] 




Ml 


D 


pT4 
* 


NO 


Human colon AdenoCa (SRCC743) [CT3] 






B 


pT3 


NO 


Human colon AdenoCa (SRCC 744) [CT8] 






B 


T3 


NO 


Human colon AdenoCa (SRCC745) [CT10] 






A 


pT2 


NO 


Human colon AdenoCa (SRCC746) [CT12] 




MO, Rl 


B 


T3 


NO 


Human colon AdenoCa (SRCC747) [CT14] 




pMO, RO 


B 


pT3 


pNO 


Human colon AdenoCa (SRCC748) [CT15] 




M1,R2 


D 


T4 


N2 


Human colon AdenoCa (SRCC749) [CT16] 




pMO 


B 


pT3 


pNO 


Human colon AdenoCa (SRCC750) [CT17] 






CI 


pT3 


pNl 


Human colon AdenoCa (SRCC751) [CT1] 




MO, Rl 


B 


pT3 


NO 


Human colon AdenoCa (SRCC752) [CT4] 






B 


pT3 


MO 


Human colon AdenoCa (SRCC753) [CT5] 




G2 


CI 


pT3 


pNO 


Human colon AdenoCa (SRCC754) [CT6] 




pMO, RO 


B 


pT3 


pNO 


Human colon AdenoCa (SRCC755) [CT7] 




Gl 


A 


pT2 


pNO 


Human colon AdenoCa (SRCC756) [CT9] 




G3 


D 


pT4 


pN2 


Human colon AdenoCa (SRCC757) [CT1 1] 






B 


T3 


NO 


Human colon AdenoCa (SRCC758) [CT18] 




MO,RO 


B 


pT3 


pNO 



DNA Preparation : 

DNA was prepared from cultured cell lines, primary tumors, and normal human blood. The isolation was 
performed using purification kit, buffer set and protease and all from Quiagen, according to the manufacturer's 
instructions and the description below. 

Cell culture lysis: 

Cells were washed and trypsinized at a concentration of 7.5 x 10 8 per tip and pelleted by centriruging at 
1 000 rpm for 5 minutes at 4°C, followed by washing again with 1/2 volume of PBS and recentrifugation. The pellets 
were washed a third time, the suspended cells collected and washed 2x with PBS. The cells were then suspended 
into 10 ml PBS. Buffer CI was equilibrated at 4°C. Qiagen protease #19155 was diluted into 6.25 ml coldddH 2 0to 
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a final concentration of 20 mg/ml and equilibrated at 4°C. 10 ml of G2 Buffer was prepared by diluting Qiagen 
RNAse A stock ( 1 00 mg/ml) to a final concentration of 200 ug/ml. 

Buffer CI (10 ml, 4°C) and ddH20 (40 ml, 4°C) were then added to the 10 ml of cell suspension, mixed by 
inverting and incubated on ice for 10 minutes. The cell nuclei were pelleted by centrifuging in a Beckman swinging 
bucket rotor at 2500 rpm at 4°C for 15 minutes. The supernatant was discarded and the nuclei were suspended with a 
vortex into 2 ml Buffer CI (at 4°C) and 6 ml ddH 2 0, followed by a second 4°C centrifugation at 2500 rpm for 15 
minutes. The nuclei were then resuspended into the residual buffer using 200 ul per tip. G2 buffer (10 ml) was 
added to the suspended nuclei while gentle vortexing was applied. Upon completion of buffer addition, vigorous 
vortexing was applied for 30 seconds. Quiagen protease (200 ul, prepared as indicated above) was added and 
incubated at 50°C for 60 minutes. The incubation and centrifugation were repeated until the lysates were clear (e.g., 
incubating additional 30-60 minutes, pelleting at 3000 x g for 10 min., 4°C). 

Solid human tumor sample preparation and lysis: 

Tumor samples were weighed and placed into 50 ml conical tubes and held on ice. Processing was limited 
to no more than 250 mg tissue per preparation (1 tip/preparation). The protease solution was freshly prepared by 
diluting into 6.25 ml cold ddH 2 0 to a final concentration of 20 mg/ml and stored at 4°C. G2 buffer (20 ml) was 
prepared by diluting DNAse A to a final concentration of 200 mg/ml (from 100 mg/ml stock). The tumor tissue was 
homogenated in 19 ml G2 buffer for 60 seconds using the large tip of the polytron in a laminar-flow TC hood in 
order to avoid inhalation of aerosols, and held at room temperature. Between samples, the polytron was cleaned by 
spinning at 2 x 30 seconds each in 2L ddH 2 0, followed by G2 buffer (50 ml). If tissue was still present on the 
generator tip, the apparatus was disassembled and cleaned. 

Quiagen protease (prepared as indicated above, 1 .0 ml) was added, followed by vortexing and incubation at 
50°C for 3 hours. The incubation and centrifugation were repeated until the lysates were clear (e.g., incubating 
additional 30-60 minutes, pelleting at 3000 x g for 10 min., 4°C). 

Human blood preparation and lysis: 

Blood was drawn from healthy volunteers using standard infectious agent protocols and citrated into 10 ml 
samples per tip. Quiagen protease was freshly prepared by dilution into 6.25 ml cold ddH 2 0 to a final concentration 
of 20 mg/ml and stored at 4°C. G2 buffer was prepared by diluting RNAse A to a final concentration of 200 ug/ml 
from 100 mg/ml stock. The blood (10 ml) was placed into a 50 ml conical tube and 10 ml CI buffer and 30 ml 
ddH 2 0 (both previously equilibrated to 4°C) were added, and the components mixed by inverting and held on ice for 
10 minutes. The nuclei were pelleted with a Beckman swinging bucket rotor at 2500 rpm, 4°C for 15 minutes and 
the supernatant discarded. With a vortex, the nuclei were suspended into 2 ml CI buffer (4°C) and 6 ml ddH 2 0 
(4°C). Vortexing was repeated until the pellet was white. The nuclei were then suspended into the residual buffer 
using a 200 ul tip. G2 buffer (10 ml) was added to the suspended nuclei while gently vortexing, followed by 
vigorous vortexing for 30 seconds. Quiagen protease was added (200 ul) and incubated at 50°C for 60 minutes. The 
incubation and centrifugation were repeated until the lysates were clear (e.g., incubating additional 30-60 minutes, 
pelleting at 3000 x g for 10 min., 4°C). 



-136- 



Purification of cleared lysates: 

(1) Isolation of genomic DNA : 

Genomic DNA was equilibrated (1 sample per maxi tip preparation) with 10 ml QBT buffer. QF elution 
buffer was equilibrated at 50°C. The samples were vortexed for 30 seconds, then loaded onto equilibrated tips and 
drained by gravity. The tips were washed with 2 x 15 ml QC buffer. The DNA was eluted into 30 ml siianized, 
autoclaved 30 ml Corex tubes with 15 ml QF buffer (50°C). Isopropanol (10.5 ml) was added to each sample, the 
tubes covered with parafin and mixed by repeated inversion until the DNA precipitated. Samples were pelleted by 
centrifugation in the SS-34 rotor at 15,000 rpm for 10 minutes at 4°C. The pellet location was marked, the 
supernatant discarded, and 10 ml 70% ethanol (4°C) was added. Samples were pelleted again by centrifugation on 
the SS-34 rotor at 1 0,000 rpm for 1 0 minutes at 4°C. The pellet location was marked and the supernatant discarded. 
The tubes were then placed on their side in a drying rack and dried 10 minutes at 37°C, taking care not to overdry the 
samples. 

After drying, the pellets were dissolved into 1 .0 ml TE (pH 8.5) and placed at 50°C for 1-2 hours. Samples 
were held overnight at 4°C as dissolution continued, The DNA solution was then transferred to 1.5 ml tubes with a 
26 gauge needle on a tuberculin syringe. The transfer was repeated 5x in order to shear the DNA. Samples were 
then placed at 50°C for 1-2 hours. 

(2) Quantitation of genomic DNA and preparation for gene amplification assay : 

The DNA levels in each tube were quantified by standard A 260 / A 2 g 0 spectrophotometry on a 1 :20 dilution (5 
ul DNA + 95 ul ddH 2 0) using the 0.1 ml quartz cuvettes in the Beckman DU640 spectrophotometer. A 2 6o/A 2 8o 
ratios were in the range of 1 .8-1 .9. Each DNA sample was then diluted further to approximately 200 ng/ml in TE 
(pH 8.5). If the original material was highly concentrated (about 700 ng/ul), the material was placed at 50°C for 
several hours until resuspended. 

Fluorometric DNA quantitation was then performed on the diluted material (20-600 ng/ml) using the 
manufacturer's guidelines as modified below. This was accomplished by allowing a Hoeffer DyNA Quant 200 
fluorometer to warm-up for about 1 5 minutes. The Hoechst dye working solution (#H3325 8, 1 0 ul, prepared within 
12 hours of use) was diluted into 100 ml 1 x TNE buffer. A 2 ml cuvette was filled with the fluorometer solution, 
placed into the machine, and the machine was zeroed. pGEM 3Zf(+) (2 ul, lot #360851026) was added to 2 ml of 
fluorometer solution and calibrated at 200 units. An additional 2 ul of pGEM 3Zf(+) DNA was then tested and the 
reading confirmed at 400 +/- 1 0 units. Each sample was then read at least in triplicate. When 3 samples were found 
to be within 10% of each other, their average was taken and this value was used as the quantification value. 

The fluorometricly determined concentration was then used to dilute each sample to 10 ng/jil in ddH 2 0. 
This was done simultaneously on all template samples for a single TaqMan plate assay, and with enough material to 
run 500-1000 assays. The samples were tested in triplicate with Taqman™ primers and probe both B-actin and 
GAPDH on a single plate with normal human DNA and no-template controls. The diluted samples were used 
provided that the CT value of normal human DNA subtracted from test DNA was +/- 1 Ct. The diluted, lot-qualified 
genomic DNA was stored in 1.0 ml aliquots at -80°C. Aliquots which were subsequently to be used in the gene 
amplification assay were stored at 4°C. Each 1 ml aliquot is enough for 8-9 plates or 64 tests. 
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Gene amplification assay: 

The PR0381, PR01269, PRO1410, PR01755, PRO1780, PR01788, PR03434, PR01927, PR03567, 
PR01295, PR01293, PRO1303, PR04344, PR04354, PR04397, PRO4407, PR01555, PRO1096, PRO2038 or 
PR02262 compounds of the invention were screened in the following primary tumors and the resulting ACt values 
are reported in Tables 5A-5B. 



-138- 



o 



C 



g 



§ 



Oi 

c 



.5 
> 

u 
< 



Oh 



Oh 



S 

Oh 



| 

Oh 



s 

Oh 



g ° « 

E 5* e 



S 



3 



5 




1 


1 


i 


1 


1 


I 


1 


i 


1 


1 


1 


1 


1 


1 


1 


i 


i 


i 


i 


i 


1 


1 


1 


1 


1 


i 


i 


i 


i 


i 


i 


i 


1 


1 


1 


1 


I 


i 


i 


i 


i 


1 


2.73 
2.74 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1.10 
1.30 


1 


1 


I 


i 


i 


i 


i 


i 


1 


3.65 
3.19 


! 


1 


| 


1 


I 


1 


! 


1 


1 


1 


1.19 
1.40 


1 


1 


1 


i 


i 


i 


i 


i 


1 


1 


1 


1 


1 


1 


I 


rn 


SO 




CN 


00 
IT) 

<N 


1 


i 


1 


§ 


<s 


i 


i 


i 


CM 


1 


! 


I 


1 


1 


1 


1 


1 


! 1 


1 


1 


1 


1 


1 


1 


1 


1 


i 


i 


i 


1 


I 


s© 


1 


OO 


1 


1 


m 
CN 


1 




© 
<n 




o 


1 


1 


1 


1 


1 


i 


i 


i 


1 


1 


1.44 
1.45 


1 


1 


1 


1 


so 
cn 

fN 


s 


i 




1 




1 


1 


1 


I 


1 


<N 


i 


i 


1 


Os 
Csl 




SO 
CN 


1 


1 


1 


I 


I 


i 


1 


1 


i 


1 


1 


1 


1 


1 


1 


i 


I 


1 


1 


i 


1 


1 


1 


1 


I 


1 


i 


I 


1 


i 


1 


1 


1 


1 


1 


1 


i 


i 


1 


1 


LT16 


LT17 


LT18 


LT19 


LT21 


P 

u 


m 


oo 

0 


CTIO 


i CT12 


CT14 


CT15 


CT16 


CT17 


6 


5 


in 


6 


6 




CTll 




1 


1 


1 


1 


1 


1 


1 


1 


I 


1 


i 


1 


1 


. 1 


1 


1 


! 


! 


1 


1 


i 


i 


i 


1 


i 


i 


i 


\ 


i 


1 


1 


1 


1 


1 


1 


1 


I 


1 


1 


1 


1 


i 


i 


I 


i 


1 


1 


I 


1 


1 


i 


i 


1 


1 


1 


! 


i 


I 


1 


i 


1 


1 


! 


1 


1 


1 


1 


I 


! 


1 


ON — 

o m 


I 






O •— ; 


© 


O 


1 


1 


5 


1 


I 


1 


I 


1 


1 


i 


1 


j 


I 


i 


i 


1 


I 


1 


1 


1 


1 


1 


1 


1 


I 


i 


1 


1 


1 


1 


1 


i 


1 


i 


I 


I 


1 


1 


1 


1 


1 


1 


1 


i 


i 


1 


1 


i 


I 


1 


1 


i 


1 


| 


i 


I 


I 


1 


1 


! 


1 


1 


1 


1 


! 


1 


1 


1 


1 


1 


! 


1 


1 


I 


i 


I 


I 


1 


1 


1 


1 


1 


1 


1 


I 


1 


1 


1 


1 


1 


! 


i 


1 


1 


1 


1 


I 


1 


1 


1 


1 


1 


1 


I 


1 


1 


1 


I 


1 


1 


I 


I 


1 


1 


1 


1 


1 


1 


! 


1 


1 


1 


1 


CT18 


HBLIOO 


MB435s 


T47D 


MB468 


MB175 


MB361 


BT20 


MCF7 


SKBR3 


A549 


Ca!u-! 


Calu-6 


H157 


H441 


H460 


SKMESl 


SW900 


SW480 


SW620 



J 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


! 


1 


1 


1 


1 


1 




2.31 


1 


1 


1 


1 


1 


1.07 




i 


1 


1 


i 


I 


i 


1 


1 


I 


1 


1 






1 


1 


1 


1.41 
1.47 


1 


I 


i 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 




00 VO 

^ **: 


1.64 


1 


1 


2.15 
2.22 


1 


1.75 


1.42 


1 


1 


1 


1 


1.15 


1 


1 


1.20 
1.54 


1 


1 


1 




i 


1 


1 


I 


1 


1 


1 


1 


1 


1 


1 


1 


! 


1 


1 


1 


1 


1 


1 




i 


1 


1 


1 


1 


1 


1 


1 


1.07 


1 


1 


1 


1 


1 


1 


1 


1 


I 1 


1 




i 


1 


1 


1 


1 


! 


1 


1 


1.26 


1 


1 


1 


I 


1 


1 


1 


I 


1 


1 




i 


1.22 


1 


1 


1 


1 


1 


I 


1 


i 


1 


1 


1 


1 


1 


1 


1 


1 


1 




i 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


I 


1 


! 


1 


1 


1 


1 


1 




i 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 




Colo320 


HT29 


HM7 


WiDr 


HCT116 


SKCOl 


SW403 


LSI74T 


s 


LT8 


Colo205 


HCT15 


HCC2998 


KM12 


H522 


H810 


LT26 


LT27 


LT28 






1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 




.1 




2 


1 


1 


1 


1 


I 


i 


i 


i 


1 


1 


1 


i 


i 


1 


1 


1 


1 


1 


1 


1 


1 


1 


! 


1 


1 


1 


1 


1 


1 


! 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


I 


1 


1 


1 


1 


I 


I 


1 


1 


1 


I 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


i 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


! 


1 


1 


1 


1 


1 


I 


1 


1 


1 


1 


1 


1 


; 1 


1 


1 


1 


1 


1 


1 


1 


1 


! 


1 


1 


1 


1 


1 


1 


I 


I 


1 


1 


1 


1 


I 


1 


1 


1 


! 


1 


1 


1 


1 


1 


1 


i 


i 


! 


1 


1 


1 


1 


1 


1 


1 


1 


l 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


i 


1 


LT29 


LT30 


LT3I 


LT33 


CT25 


CT28 


CT35 


HF-000716 


HF-000733 


HF-000831 


<N 

m 
oo . 
o 

i 

X 


HF-000613 


HF-000499 


HF-000539 


HF-000575 


1 HF-000698 


u. 
S 


SRCC1094 


SRCCI095 


SRCC1096 


SRCCI097 


SRCCI098 




1 


1 


1 


r- 

(S 


1 


1 


r- 


1 


1 


I 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 

1 


i 


i 


i 


1 


1 


i 


i 


i 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


i 




1 


1 


1 


1 




1 


1 


1 


1 


ri 




1 


1 


1 


1 


1 


1 


1 


i 


s 


1 


1 


1 


1 


r- 


1 


1 


1 


1 


= 


3 


1 


i 


1 


1 


1 


1 


1 


i 


I 


1 


1 


! 


1 


i 


1 


I 


1 


1 


1 


i 


1 


1 


1 


1 


1 


1 


1 


i 


1 


1 


1 


1 


1 


i 


1 


1 


I 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


i 


I 


1 


1 


! 


1 


i 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


i 


l 


1 


1 


1 


1 


I 


1 


1 


1 


1 


1 


1 


1 


I 


1 


1 


1 


1 


1 


! 


i 


1 


1. 


1 


1 


i 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


O 
00 


00 

© 


I 


1 


1 


1 


2.09 
3.15 


1.14 
1.08 


1 


1 


1 


1 


1 


3.18 
3.53 




SRCC1099 


SRCCUOO 


SRCCUOl 


HF-00063! 


s 

o 
o 
9 

s 


HF-000643 


HF-000840 


HF-000842 


HF-000762 


ON 

00 

r- 
o 
o 
S" 
u. 
SC 


HF-000795 


HF-000811 


OS 
OJ 

o 
S> 
u. 
X 


HF-001293 


HF-001300 


HF-001297 


HF-001295 


HF-001299 


to 

ON 

i 

Urn 


HF-001291 




1 
1 


i 

m 
rJ 


i 

i 


l 

i 


i 

i 
1 


I 


1 

so 

SO 


i 

i 


i 

i 


i 
i 


1 

r- 


1 
i 


1 
i 


r 
i 


1 

1 


1 

! 




1 


1 


i 


1 


1 


I 


1 


i 


1 


1 


1 


1 


1 


i 


1 


1 




1 


! 


i 


1 


1 


1 


1 


! 


1 


I 


1 


4.20 
4.45 


1.36 
1.15 


3.71 
3.99 


1 


1 




1 


1 


i 


1 


1 


I 


1 


I 


1 


' 


1 


1 


1 


1 


1 


1 




1 


1 


i 


! 


i 


i 


1 


I 


1 


1 


1 


I 


1 


1 


1 


I 




1 


1 


i 


1 


1 


1 


i 


j 


1 


1 


1 


1 


I 


1 


1 


i 




1 


1 


i 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


I 




1 


I 


i 


! 


I 


1 


1 


! 


1 


1 


1 








1 


1 




1 


I 


i 


1 


1 


1 


1 


I 


1 


I 


1 


1 


i 


1 


1 


1 




5 


5 


CM 

5 


5 


S 


s 


B 


S 


LTIO 


LTH 


LT12 


LT13 


LT15 


LT16 


LT17 


LT18 





1 

i 


1 
i 


1 

1 


1 

i 


i 

i 


I 

i 


1 

1 


1 
1 


1 
i 


1 
i 


1 
1 


i 
i 


1 
i 


i 

i 


i 
i 


i 
i 


i 

i 


i 
i 


1 
1 


1 
1 


1 
1 


1 


1 


1 


1 


1 


I 


1 


1 


1 


1 


1 


i 


1 


i 


i 


i 


i 


i 


1 


© 


! 


1 


1 


1 


1 


I 


I 


1 


1 


1.34 
1.62 


1.04 
1.05 




i 


1 


i 


i 


! 


i 


i 


1 


I 


1 


1 


1 


1 


1 


i 


I 


1 


1 


1 


1 


i 


i 


1 


i 


i 


1 


i 


i 


1 


1 


1 


1 


1 


1 


! 


1 


i 


1 


1 


1 


1 


i 


i 


1 


i 


i 


1 


i 


i 


1 


1 


1 


1 


1 


1 


1 


1 


l 


1 


1 


I 


1 


i 


i 


1 


i 


i 


1 


i 


i 


1 


1 


! 


1 


1 


1 


I 


1 


I 


1 


1 


1 


1 


i 


i 


1 


i 


i 


i 


i 


i 


1 


1 


1 


1 


1 


I 


! 


i 


I 


1 


1 


1 


m 


i 


i 


1 


i 


i 


1 


i 


i 


1 


I 


1 


1 


1 


I 


1 


I 


I 


1 


1 


1 


1 


i 


i 


1 


i 


i 


1 


i 


i 


1 


I 


1 


LT19 


LT21 


g 


6 


oo 

C 


CTIO 


CT12 


CT14 


CT15 


CT16 


6 


H 

U 


B 


d 


B 


6 




CTll 


CT18 


HBLIOO 


MB435s 



• 



1 
1 


1 
1 


1 
1 


1 
1 


1 
1 


1 

1 

1 


1 

l 

1 


.1 
i 


1 
1 


1 

i 


1 
i 


1 

i 


1 

1 


1 
1 


1 
1 


i 
i 


1 
i 


1 
1 


1 

I 




I** 
ro 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 




1 




CO 




I 


1 


1 


1 


1 


1 


1 


2.17 
2.11 


as 

CO 




I 


o 


CO 
CO 


o 

ON 


1 


1 


a 


2.21 
2.24 


1 




l 


1 


1 


1 


1 


1 


1 


1 


i 


i 


I 


1 


1 


1 


1 


1 


l 


1 


1 




l 


1 


1 


1 


1 


1 


I 


i 


I 


l 


i 


1 


1 


1 


1 


1 


l 


1 


1 




! 


I 


1 


1 


1 


1 


1 


1 


i 


l 


i 


1 


1 


1 


1 


1 


1 


1 


1 




1 


1 


1 


I 


1 


1 


1 


1 


l 


I 


1 


I 


1 


1 


1 


1 


l 


I 


1 




! 


I 


1 


1 


1 


1 


1 


o 


I 


I 


! 


1 


1 


I 


1 


1 


I 


1 


1 




I 


I 


1 


1 


1 


1 


1 


I 


I 


I 


1 


1 


1 


1 


1 


I 


I 


1 


1 




T47D 


MB468 


MB175 


MB361 


BT20 


MCF7 


SKBR3 


A549 


Calu-l 


Calu-6 


H157 


H44I 


H460 


SKMESl 


SW900 


SW480 


SW620 


Colo320 


HT29 




I 

1 

1 


1 

• 
1 


I 

1 
1 


I 
i 


1 
i 


1 

1 


1 
1 


1 


i 

i 


1 
1 


1 

i 


1 
! 


1 
1 


1 
1 


1 
1 


1 


1 
1 


1 

rn 


1 
1 


1 
1 


1 
1 




1 


r» 


© 


p 


2 


1 


1 


1 


i 


1 


1 


1 


1 


1 


1 


1 


I 


l 


1 


1 


1 




! 


l 


2.46 
2.66 


i 


l' 


1 


1 


1 


i 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


I 




1 


l 


1 


i 


1 


1 


1 


1 


i 


1 


1 


1 


1 


1 


1 


1 


1 


l 


1 


1 


1 




1 


l 


1 


i 


I 


1 


1 


1 


i 


1 


1 


1 


I 


1 


1 


1 


1 


1 


1 


1 


1 




! 


l 


s 


i 


1 


! 


1 


1 


i 


1 


1 


1 


! 


! 


1 


1 


1 


l 


1 


1 


1 




1 


l 


1 


i 


1 


1 


1 


1 


i 


1 


1 


1 


1 


1 


1 


1 


1 


l 


1 


1 


1 




1 


I 


j 


i 


1 


1 


1 


1 


i 


1 


1 


1 


1 


1 


1 


1 


1 


l 


1 


1 


I 




! 


l 


I 


i 


1 


1 


1 


1 


i 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 




HM7 


WiDr 


HCT116 


SKCOl 


SW403 


LS174T 


LT22 


5 


Colo205 


HCT15 


HCC2998 


KM 12 


H522 


H810 


LT25 


LT26 


LT27 


LT28 


LT29 


LT30 


LT31 






1 
i 


1 

i 


1 

i 


1 
1 


1 
i 


1 

i 


1 
i 


1 
1 


1 

I 


1 
1 


1 
i 


i 
1 


1 
1 


1 
1 


1 
1 


1 
1 


1 
1 


1 
1 


1 
1 


00 

*°. 

1 


3 
1 


1 


1 


1 


1 


1 


1 


I 


1 


I 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


l 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


I 


! 


1 


1 


1 


1 


2.63 
2.73 


! 2.58 
2.71 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


I 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


I 


1 


1 


1 


1 


1 


1 


1 


I 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


! 


1 


! 


1 


1 


1 


1 


1 


1 


1 


1 


1 


. 1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


I 


I 


1 


1 


I 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


LT32 


LT33 


CTI9 


CT20 


CT21 


CT22 


CT23 


CT24 


CT25 


CT26 


CT27 


CT28 


CT29 


CT30 


CT3I 


CT32 


CT33 


CT35 


CT36 


HF-000716 


HF-000733 



O 00 



On On 
m © 



9 



1 
5 



s 



s 



§ 



S 

x 



1 
1 


1 

1 


— 1.49 
1.49 


I 
1 


1 

» 
I 


1 

i 


1 
i 


1 


1 


1 


1 


1 


00 


1 


1 


1 


1 


i 


I 


i 


1 


i 


1 


1 


1 


1 


1 


1 


I 


1 


1 


! 


1 


1 


1 


! 


1 


1 


1 


1 


1 


1 


1 


3 




1 


1 


1 


1 


1 


1 


I 


1 


1 


1 


1 


1 


1 


1 


1.50 
1.42 




1 


1 


1.02 
1.04 


1 


1 


1 


1 


1 




1 


1 


1 


1 


1 


S 


1 


1 


1 


1 


1 


1 


I 


1 


1 


1 


1 


1 


I 


1 


1 


1 


1 


1.39 
1.15 


1 


1 


1 


1 


1 


1 


1 




1 


1 


! 


1 


1 


© 


1 


1 


1 




1 


1 


1 


1 


1 


1 


1 


1 


I 


1 


1 


1 


1 


1 


1 


1 


1 


1 


I 


1 


1 


1 


1 


1 


1 


1 


1 




1 


1 


1 




1 


1 


! 


1 


1 


1 


1 


1 


! 


HF-000641 


HF-000643 


© 

I 

u. 
X 


HF-000842 


HF-000762 


HF-000789 


o 

s 


HF-000811 


HF-O0I29I 


HF-001293 


HF-001294 


HF-001295 


HF-001296 


HF-001297 


ON 

! 

X 


HF-001300 




Table 5B Continued 

ACt values in lung and colon primary tumors and cell line models 





PR01293 


PRO1303 


PR04344 


PR04354 


PR04397 


PRO4407 


PR01555 


PRO1096 


PRO2038 


P 



PRQ3434 : 

PR03434 (DNA7763 1-2537) was reexamined along with selected tumors from the above initial screen 
with epicenter mapping. Table 6 describes the epicenter markers that were employed in association with PR03434 
(DNA7763 1-2537). These markers are located in close proximity to DNA77631 and are used to assess the 
amplification status of the region of Chromosome 7 in which DNA7763 1 is located. The distance between markers 
is measured in centirays (cR), which is a radiation breakage unit approximately equal to a 1% chance of a breakage 
between two markers. One cR is very roughly equivalent to 20 kilobases. The marker sWSS91 8 is the marker 
found to be the closest to the location on Chromosome 7 where DNA7763 1-2537 closely maps. 

Table 7 indicates the ACt values for results of epicenter mapping relative to DNA77631, indicating the 
relative amplification in the region more immediate to the actual location of DNA77631 along Chromosome 7. 



Table 6 



Epicenter Markers Along Chromosome 7 Used for DNA77631 



Map Position on Chromosome 7 

Gl 
G2 
G3 
G4 
G5 



Stanford Human Genome 
Center Marker Name 

SHGC-34913 

AFMa090xgl 

SHGC-10715 

SHGC-34866 

SHGC-32510 



Distance to Next Marker 
(cR) 



17 



25 
16 
5 

48 



DNA 77631 
G6 
G7 



SWSS918 
AFMc027xb5 



19 
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PR01293 



PRO1303 



PR04344 



PR04354 



PR04397 



PRO4407 



PRO 1555 



PRO1096 



PRO2038 



Table 7 

Amplification of Epicenter Markers Relative to DNA7763 1 (ACt) 



Tumor 



Gl 



HF-000613 1.31 

HF-000545 1.55 

HF-000539 1 53 

HF-000575 1.47 

HF-000698 0.73 

HF-000499 0.67 

HF-000733 1.08 

HF-000716 0.65 



G2 

0.12 

0.55 

-1.68 

1.02 

-0.31 

-0.05 

1.19 

0.56 



G3 

0.61 

0.09 

0.88 

0.02 

-0.08 

0.04 

0.41 

-0.41 



G4 

0.46 

0.16 

0.76 

-0.17 

-0.27 

0.12 

0.39 

-0.02 



G5 

0.38 

0.27 

0.79 

0.15 

-0.07 

0.23 

0.46 

-0.13 



DNA 
77631 

-0.28 

0.69 

2.75 

0.48 

-0.26 

-0.30 

3.00 

2.59 



G6 

0.48 

0.26 

0.98 

0.20 

-0.21 

-0.14 

0.51 

-0.23 



G7 

0.58 

0.25 

0.96 

0.33 

-0.10 

0.21 

0.68 

0.01 



DISCUSSION AND CONCLUSION: 



PRmsl mNA44194-1317): 
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PRO 1293 



PRO1303 



PR04344 



PR04354 



PR04397 



PRO4407 



PR01555 



PRO1096 



PRO2038 



The ACt values for DNA44194-1317 in a variety of tumors are reported in Table 5A. A ACt of >1 was 
typically used as the threshold value for amplification scoring, as this represents a doubling of gene copy. Table 5 A 
indicates that significant amplification of nucleic acid DNA441 94-13 17 encoding PR038 1 occurred: (1) in primary 
lung tumors: HF-000643, HF-000840, HF-001291, HF-001294, and HF-001296; and (2) in colon tumor center HF- 
000811. Because amplification of DNA44 194-13 17 occurs in various tumors, it is highly probable to play a 
significant role in tumor formation or growth. As a result, antagonists (e.g., antibodies) directed against the protein 
encoded by DNA44194-1317 (PR0381) would be expected to have utility in cancer therapy. 



PRQ1269 (DNA66520-1536V 

The ACt values for DNA66520-1536 in a variety of tumors are reported in Table 5A. A ACt of >1 was 
typically used as the threshold value for amplification scoring, as this represents a doubling of gene copy. Table 5 A 
indicates that significant amplification of nucleic acid DNA66520-1536 encoding PR01269 occurred in primary 
lung tumors: LT15, LT16 and LT17. Because amplification of DNA66520-1536 occurs in various lung tumors, it 
is highly probable to play a significant role in tumor formation or growth. As a result, antagonists (e.g., antibodies) 
directed against the protein encoded by DNA66520-1536 (PR01269) would be expected to have utility in cancer 
therapy. 
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BUDAPEST TREATY ON THE INTERNATIONAL RECOGNITION OF 
THE DEPOSIT OF MICROORGANISMS FOR THE PURPOSES OF PATENT PROCEDURE 

» 

INTERNATIONAL FORM 

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT ISSUED PURSUANT TO RULE 7.3 
AND VIABILITY STATEMENT ISSUED PURSUANT TO RULE 10.2 



To: (Name and Address of Depositor or Attorney) 

Gcncntcch, Inc. 

Attn: Cmger R. Dreger 

I- UNA Way 

So. Sao Francisco, CA 9408<H990 
Deposited on Behalf of: Gcncntccfc, Inc. 

Identification Reference by Depositor: ATCC Designation 

pT7T3D-Pac plasmid DNAW304-1546 C*tfl*154Q 203321^ 
pINCY*based plasmid DNA7 3744-l66r?Re£ PR16S)\ 203322^ 
pINCY-bascd plasmid DNA763EM664 (Rc£ PR16S4) 203323 + 

pRKSD-based plasmid DNA73492-1671 (Ref. PR1671) 203324 V 

pcDNA3-bascd plasnrid DNA80562.16« {Rcf. PR1G63) 203325^ 

The deposits were accompanied by. a scientific description _ a proposed taxoriornic description indicated above. The 

deposit* were received flefnberfi. 1998 by this International Depositary Authority and have been accepted. 

AT YOUR REQUEST*. X We will not inform you of requests for the strains. 

The strains will be made available if a patent office signatory to the Budapest Treaty certifies one's right to receive, or if a 
US. Patent « issued citing the strains, and ATCC is instructed by the United States Patent & Trademark Office or the 
depositor to release said strains. 

If the cultures should die or be destroyed during the effective term of the deposit, it shall be your responsibility to replace 
them with living cultures of the same. 

The ctnrats will be maintained for a period of at least 30 years from date of deposit, or five years after the most recent 
request for a sample, whichever is longer. The United States and many other countries are signatory to the Budapest Treaty. 

The viability of the cultures cited above was tested October 72^ am On that date, the cultures were viable. 

International Depository Authority: American Type Culture Collection, Manassas, VA 20110-2209 USA. 



Signature of person having authority tof represent ATCCs 




ah 



Date: October 28, 1998 



Barbara M. HaSIey, Administrator, Patent Deposit 
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